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Long-range readability 
WITH 


Metrovick instruments 


With its modern scale presentation, the Metrovick FC2 Wattmeter 
can be accurately read from a distance of many feet. It is typical of 
a wide range of instruments from Metropolitan-Vickers, including 
voltmeters, ammeters, power factor indicators and synchroscopes, 
developed for case and reliability of use in modern power stations. 


DIAL SIZES: 4 in., 6 in., and 8 in, 
PATTERNS: Round projecting. Round flush (as illustrated). 
Round flush with square bezel. 
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For further details please write to: 


An A.E.1. Company 











pumps and motors 
for every hr 
eireui 








MONO-RADIAL HIGH 
SPEED PISTON PUMP 


Delivers a large volume at 

low pressure and a small volume 
at high pressure through one 
outlet. Standard pressure 
range up to 6000 p.s.i. 


DERI-SINE PUMP 

Rotary positive displacemer~ 
pump of high 

volumetric efficienc» 


DERI-SINE MOTOR 
Provides exceptionally smooth 
transmissions for a widely va 
number of applications. Fou 
basic models. Outputs up to 
4400 Ib./in. torque. 


for efficiency fit.a 


ANDREW FRASER AND COMPANY LIMITED 
29 BUCKINGHAM GATE LONDON SWI! 
TELEPHONE VICTORIA 6736-9 
| 





FANS 


The “Resista” 
P.V.C. Fan is imper- 
vious to the chem- 
ical action of strong 
acids, alkalis and 
moist gases. It is 
the fan that in con- 
junction with P.V.C. 
Hoods and Ducting 
has provided in- 
dustry with the 
greatest step for- 
ward in chemical 
fume handling. 








INDUSTRIAL 
SILENCING 


Where noise creates problems 
as with Pneumatic Hammers, 
High pressure blowers, Air 
noises on Dust and Fume 
Plants, especially during night 
shifts the purpose designed 
** Airflo” Industrial Silencer 
provides the easy solution. 
Simple to install. No loss of 
production efficiency. 
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SEND NOW 


for literature dealing 
with “ Airflo” products 
If you have any ventilat- 
ing or dust collecting 
problems tell us about 
them. Our technicians 
can help you. 





ah 


THE ENGINEERS’ 


E.D.—1 


DIGEST 








fg am es ee 
g Y 
y 


1 industry needs 






DUST 
COLLECTION 


** Airflo’ ‘E’ Type Dust 
Collecting Unit. For dry 
non-fibrous, non-explosive 
dusts with air temperature 
not exceeding 160°F. Fully 
automatic shaking device. 
Made on unit principle. 











POWERED 
ROOF 
VENTILATOR 


* Airflo’? Powered Roof 
Ventilator. Fits any roof 
angle. Light enough for 
corrugated iron roof. Posi- 
tive ventilation under all 
conditions. Unit des- 
patched completely assem- 
bled. Prices from £29 15s. 








WELDING 
TABLE 


** Airflo ” Welding 
Table — the perfect 
working surface for 


welding, brazing and 
soldering. Fumes drawn 
away from _ operator. 
Supplied complete with 
motorised unit. 








Industrial Fane fieater (o. Lid 


WORKS, BIRMINGHAM, 


And at LONDON, MANCHESTER, Mad NEWCASTLE UPON TYNE. 
A Member of the SIMMS Group. 


Phone VICtoria 2277 
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Recommended for full-scale testing by a 
group of Russian experts, a new method of 
cooling blast-furnace linings, reported in the 
September issue of Sta/, includes surface plate 
coolers for the shaft, vertical plate coolers for 
crust formation in the bosh, and improved cool- 
ing arrangements for the hearth, tuyeres, and 
furnace bottom. 


* * * 


Using a circuit similar in principle to the 
spark-gap oscillator used in the early days of 
wireless telegraphy, but with the spark-gap re- 
placed by a hydrogen thyratron, damped oscilla- 
tions can be generated with frequencies up to 
10 ke/s, i.e., suitable for induction heating. A 
recent article (Philips Technical Review, No. 4, 
1958) describes an experimental induction-heat- 
ing generator using hydrogen thyratrons, and 
shows that it is easier to operate than types em- 
ploying transmitting valves and has a higher 
efficiency. Furthermore, the thyratron does not 
require forced cooling. 


* * * 


It is reported from the U.S.A. that the 
Minnesota Mining & Mfg. Co. have developed 
a new fabricating technique enabling any cera- 
mic materials to be made into very thin corru- 
gated or other structures with a high surface area. 
As a result, it is possible to produce such items 
as ceramic heat-exchanger units and catalyst 
supports, which hitherto could be made only of 
metals. Complete details of the fabricating tech- 
nique are not given, but it is stated that ceramics 
can be rolled and formed more or less in the 
same way as metals. Though ductile during 
fabrication, the ceramic shapes finally produced 
are no longer ductile. 


* * * 


Claimed to provide a stronger brushing 
action, longer life, less wire breakage, and better 
control of brush contact area, a new brush re- 
ported in the October 6 issue of Stee/ resembles a 
grinding wheel and is, in fact, a wire brush 
bonded with an elastomeric plastic. The new 
bonded version is not strictly a replacement for 
standard brushes, its effects on metals being 
between those of brushes and abrasives. 


(continued) 
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INDUSTRIAL 


CERAMICS 


FROM PACKING RINGS 
TO COMPLETE PLANT 


WIDELY RESISTANT 
Hathernware Chemical Stoneware is 
inert against a wider variety of attack 
than any other material. 


Complete Plant—or a storage jar, 
Hathernware may be considered as a 
complete processing installation, piping, 
towers, filters, pumps, etc.—as storage 
units of different shapes and sizes or as a 
material for the protection of structures 
and plant. 


Low Fracture Risk 

Hathernware specialised design experi- 
ence plus armouring of elements where 
required, eliminates the usual risks of 
fracture. The high compressive strength 
of Hathernware offers the maximum 
resistance to abrasion. EXPERIENCED 
CERAMIC FITTERS undertake initial 
installation. 


LOW PRIME COST AND MAIN- 
TENANCE 

Prime cost is lower than any other 
material. Maintenance is negligible. 
Glazing available for processes requiring 
a high factor of hygiene. 

If it’s corrosive—write and find out 
what Hathernware can provide. Mention 


your process so that we may select the 
most appropriate data. 


Plain or partition 
rings are avail- 
able in a wide 
range of sizes. 
Made of top 
grade Chemical 
Porcelain. 


Write to Dept. ED 


HATHERNWARE 


HATHERNWARE LTD. 
LOUGHBOROUGH 
LEICESTERSHIRE 


Industrial Ceramic Engineers 
Specialists in the unusual 


dmHL.44 
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A FOUR YEAR RUN... 





Photograph by courtesy of Celotex Lid. 





This drying conveyor illustrates one of the many applications of 
MORGANITE CARBON BEARINGS where carbon is the most 
suitable material. Thousands of tons of Wallboard pass over these 
i rollers every year—4,000 MORGANITE CARBON BEARINGS 
undergo severe duty to make this possible—each carries a load 
of about 30 pounds and is subjected to temperatures up to 650°F 
in a very dry and dusty atmosphere. In spite of these arduous 
conditions replacement is only necessary after 4 years. 


MORGANITE CARBON BEARINGS solved the problem for 
CELOTEX— perhaps they will solve your’s today. Please write 
or ‘phone for leaflet SD.63, or ask for one of our Technical 
Advisers to call. 


MORGANITE CARBON BEARINGS withstand high 
temperatures; will run in liquids; resist chemical atmospheres 
and corrosive conditions; need no lubrication; are useful for 
inaccessible positions; are non-contaminating and eliminate 
maintenance. 








MIO er tees BEARINGS 


THE MORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA CHURCH ROAD, LONDON, S.W.11. 


Telephone: BATtersea 8822 
Cé4a 
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(continued) 


The problem of drilling and broaching titan- 
ium for complex aircraft components is stated 
to have been solved by one American manufac- 
turer (Stee/, September 29, 1958). For deep-hole 
drilling, a specially ground drill, in conjunction 
with a sulphur-base coolant, is used. The drills, 
of high-speed steel with polished grooves, pre- 
ferably chromium-plated, are of short length, 
and power feed is essential. For broaching, a 
high-speed steel tool is used, also with a sulphur- 
base oil coolant. Recommended speeds and feeds 
are given in both cases. 


* * * 


A new type of fluorescent street-lighting 
lamp has been developed in Germany by AEG. 
The use of a special mirror system and two 
fluorescent lamps with a reflecting coating, so 
as to provide a wide-angle distribution of light, 
is stated to make these lamps superior to other 
types of street lighting with respect to uniformity 
of illumination and reduction of glare. 


* * * 


On the basis of tests recently conducted in 
the U.S.A. and reported in the October issue of 
the /ron and Steel Engineer, significant improve- 
ments in furnace productivity can be obtained by 
the addition of carbon black, amounting to 
about 1-5% for each 1°, of carbon added, up 
to at least 10° by weight of carbon. These 
results apply to a 50%, oil and 50°, natural-gas 
flame, a somewhat greater improvement being 
noted with an oil flame. It is considered that the 
effectiveness of the process, with further study, 
is likely to be increased by the selective use of 
carbon additions, revised burner design, etc. 


* * * 


Expected to be useful in the study and 
monitoring of urban gas pollution, a rapid, 
accurate colorimetric method of detecting and 
measuring acetylene in air has been developed 
by the National Bureau of Standards in co- 
operation with the U.S. Public Health Service. 
Acetylene, which is associated with the contami- 
nants from automobile exhaust gases, can be 
detected in concentrations as low as | part in 108 
parts of air, and the equipment is simple and 
portable, making it well suited to use in the field. 


(continued) 





Control Panels for 
special purposes 


G.W.B. design and supply centralised control 
panels for many industrial applications. Available 
in a variety of forms, these panels conform to the 
most stringent specifications. Contactors, relays 
and isolators controlling individual machines are 
contained within separate compartments, and all 
maintenance and replacement of contactors and 
ancillaries may be carried out from the front. 
G.W.B. engineers are available for the solution of 
circuit probiems and any special operational re- 
quirements. Sales and 
service staff are situated at 
convenient points through- 
out the country. 





Two section, two-tier panel, one 
of a series supplied to a well- 
known, paper manufacturing firm 
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Special purpose panel 
supplied for the con- 
trol of an automatic 
brickmaking plant 
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Multi-motor control 
panel with individual 
compartment and 
isolation for each 
motor starter; sup- 
plied to a _ large 
synthetic fibre manu- 
facturing concern, 


All contactors are made to the famous G.W.B 
standards. Among the many refinements making 
them pre-eminent in their field are 


Sintered Tungsten-Silver contacts for LONG LIFE 
Open type construction for EASY MAINTENANCE 
Special coil design giving LOW CURRENT ABSORPTION 


ste she ste 
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G.W.B. Low Tension contro! gear 10—!,400 amps A.C. & D.C. 


G.W.B. FURNACES LTD 


Control Gear Division 
P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS 
Telephone No. DUDLEY 4284/5/6/7 Telegrams: GIBWILDBAR, DUDLEY 


Proprietors: Gibbons Bros. Ltd. & Wild-Barfield Electric Furnaces Ltd. GWB407 
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AUTOMATION at low cost 


















































CYLINDER i Double-acting cylinder with controllable 
EXHAUST pressure fluid fed to both ends of cylinder. 


Operating in conjunction with timing instruments, Ellison Hydraulic Valves provide 
Automation with little capital outlay—enabling several hydraulically operated 
machines to be controlled automatically by a single operator. Further, arrangements can be made 
for automatic control of machine safety guards to comply with Factory Act regulations. 
Ellison Valves mark a real step forward in hydraulic practice. 
They embody new features to prevent scoring of seats and stems 
and to ensure trouble-free service with little maintenance. 
Send for full details and ask to see a Valve. 


Made by 


(GEORGE ELLISON 


LIMITED 


806 PERRY BARR BIRMINGHAM 22B. 
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According to recent Russian tests reported 
in the October issue of Teploenergetika, a 
marked reduction in corrosion from oxygen and 
carbon dioxide in steam generating plant has 
been achieved by the use of octadecylamide. 
This film-forming and highly absorptive mater- 
ial is stated to have reduced the iron content of 
condensate by a factor of ten, the only adverse 
effect being the presence of a certain amount of 
ammonia in the steam. 


* * * 


Stated to be ideally suited for use in non- 
migratory cable jackets, a new internally plasti- 
cized vinyl compound has been announced in a 
paper presented at the Fifth Annual Wire and 
Cable Symposium in New York. Bending, 
abrasion, and other tests indicate that, com- 
pared with conventional vinyl materials, the new 
compound confers a wider safety margin and 
improved strength characteristics, 


* * * 


As reported in the October issue of The 
Cornell Engineer, experimental electronic ear- 
phones, designed to shut out loud extraneous 
noises, have been developed for the U.S. army. 
Working in conjunction with a special electronic 
inverter and amplifier unit, which could be made 
small enough to fit into a pocket, the earphones 
incorporate a miniature microphone which 
creates a second noise, just as loud as the first 
noise, but opposite in phase. When the two 
sound waves meet in the earcup, they use up 
nearly all their energy opposing each other, 
thereby greatly reducing the noise level. 


* * * 


Russian equipment for the automatic control 
of moulding-sand preparation in foundries is 
briefly discussed and compared with represen- 
tative American equipment in an article in the 
November issue of Liteinoye Proizvodstvo. The 
article, which may be considered to be mainly of 
a speculative nature, includes details of a 
suggested electronic control circuit, a possible 
method of automatically producing sand with 
any desired moisture content, and equipment 
for reclaiming used sand. 


(End) 
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Universal Traverse Unit 





——— 
RADYNE 
— 


for Progressive and 





Dwell Hardening 





} 
' 
ft 











This Radyne unit has been designed to 
facilitate the handling of parts to be heat 
treated. Two types are available, 2 ft. & 

4 ft. A three-speed, hydraulically driven 
traverse mechanism enables different depths 
of hardness to be obtained in one pass. Cali- 
brated controls are provided for easy setting 
up. Accessories include a quench tank and 
two timers to control dwell and quench times. 


———— 
RADYNE 
ee , ——— 


INDUCTION HEATING 
HANDLING EQUIPMENT 


radio heaters ltd 


WOKINGHAM BERKSHIRE ENGLAND 
TELEPHONE WOKINGHAM 1030 (6 LINES) 
P1095 
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ENAFLEX 


GUSHION COUPLINGS 










THE RUBBER TYRE COUPLINGS WITH THE 4-WAY FLEX 
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TAKES ANGULAR TAKES PARALLEL TAKES ABSORBS TORSIONAL 
MISALIGNMENT MISALIGNMENT END-FLOAT VIBRATION 
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Fenaflex Cushion Couplings are equal to a 

universal joint. They automatically correct all 
combinations of misalignment and end-float, 

cushion shock loads and absorb torsional vibration, yet 
operate with the dependability of a modern tyre! 

The Fenaflex Coupling is a tyre with synthetic 

tension members bonded in rubber. 
| Depending on the size of the coupling and the duration 
of shaft misplacement, it corrects angular misalignment 
up to 4°, parallel misalignment up to } inch and 
end-float up to ; inch. There is no | 

metal-to-metal contact, lubricating is unnecessary 

and there are no protruding parts. 

This coupling occupies the minimum space on the shaft 
and Fenner standard Taper-Lock bushes make mounting 
quick and easy. As the flexible member is moulded 
with a transverse split, it can be replaced without 
moving the machine or the motor. 


SEND FOR FULL PARTICULARS. ASK FOR LEAFLET 353/18 


gladly demonstrate this 


J-H-FENNER & co-Ltp- HULL 
latest addition to aA 


mechanical power ge LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 
Sa 


transmission equipment. 


Fenaflex Couplings are 
obtainable from all the 19 
Fenner branches and 
Fenner engineers will 
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MALLEABLE IRON CASTINGS OF ALL TYPES 
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WHITEHEART - PEARLITIC - WELDABLE - BLACKHEART 


(Produced to British Standard Specifications) 





WOON AAA. 0’F'”'inv 





From our two foundries are available jobbing and repetition 
Malleable Castings up to 70 Ib. in weight, for agricultural machinery, 
automobiles and tractors, builders’ ironmongery, electrical and 
general engineering, railway and similar applications. Our new, 
fully mechanised foundry incorporates all the latest developments 
of foundry practice. 

We specialize in sharp, accurately-sized castings combining 
strength and ductility. A unique feature is ready machineability, 
which we claim to give an advantage of 10°, in fast cutting, so 
cutting costs. If required, we can supply work finish machined in 
our own shops. 

All castings are subject to Quality Control using chemical-physical 
and sand laboratories, with the result that over the last 5 years our 
rejects from customers are less than 2-7 castings per 1,000 delivered! 


Special: Blackheart Castings which are still tough and 
ductile at sub-zero temperatures. 

@ We direct attention to our very high grade 
Pearlitic Malleable Castings, of exceptional 
strength and toughness. 

@@ Weldable Malleable Castings are of considerable 
interest to designers in solving production diffi- 
culties, as they can be combined with other 


Yui» fawe 











CASTINGS LIMITED 


SELBORNE ST. * WALSALL ~- STAFFS. 


and at LICHFIELD ROAD, BROWNHILLS, 
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STAFFS. 


THE 





materials into composite fabrications. Full 
particulars on request. 





Castings for the following 
industries: 

(1) Agricultural. 

(2) & (3) Commercial vehicles 
(4) & (5) General engineering 
(6) Motor cycle. 

(7) Automobile. 


Telephone: Walsall 3118-9 


Tel. Brownhills 2318 
C3. 
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Ford industrial engines are a practical proposition for 
many industrial equipments ... compressors, cranes, 
pumps, contracting equipment, earth borers, generators, 
railcars, welding plant, works trucks, tractors and 
conversions. Simple design, modern flow-line production 
methods and common interchangeable parts contribut« 
to the low cost of these high efficiency engines. And 
remember, every Ford engine is fully backed by a 








industry 


World-wide Spare Parts Service Organisation. Take 
your choice from a wide power range . . . Diesel 30 to 
86 b.h.p. and Petrol 21 to 87 b.h.p. (12-hr. rating). 

DIESEL ECONOMY—have you considered the 
replacement of existing power units in your equipment 
and trucks with the famous Ford 4D Diesel engine ? 

You'll have the unique advantages of economy, long-life 
andlowrunningcosts... plus the best service inthe World! 


la Gm me BS a 


Wherever you are, whatever your problem, we are at your service. For further details of 
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FORD MOTOR COMPANY LTD - PARTS DIVISION - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - 


INDUSTRIAL 
ENGINES 


and the equipments they power, contact your nearest Ford Dealer or write to 


ESSEX - ENGLAND 
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for the 
world’s finest 





electric shaver 
... Only the best is good enough 


An Electric Shaver is now an 
accepted item of male kit. 

But in this fiercely competitive 
market, it must be more than 
merely efficient—it must look 
efficient, and attractive. That 

is why Sunbeam, when they first 
discussed the mouldings for the 
new Shavemaster with us, insisted 


on perfection in finish. 





Absolute dimensional accuracy, 
perfect alignment of the contours 
of all moulded components, 
absence of sharp edges which 
might scratch the face—these 
were just a few of the qualities 
insisted upon. Acetate Butyrate 
was selected as the moulding 
material. It has a warm feel, lends — 





S HAVEMA® 





itself admirably to both pros pall 
“leatherette” tooling or smooth a F es ear 
finish and has excellent dimen- Electric Co. 


sional stability. Your enquiries 
would be welcomed. 


315 Summer Lane, Birmingham, 19. 
Tel.: ASTon Cross 1156-7-8-9 


Victoria Works (Summer Lane) Walsall Works (Bescot Crescent) Walsall Works (Eldon Street) Cheapside Works 
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Rapid, 
high-quality 
photoprinting 


and no ventilating system required 








The Ilford AZOFLEX Model 246 Combine prin- 

. ° . * e > ay, a g i 

ting and developing machine (formerly known as Exposure, development and — 
. = 7 delivery synchronized for simplicity 


Model 46/35) is designed for use inthe print room of operation. 


of the large drawing office. It does not produce e All controls conveniently located for 


. , bas rapid, effortless adjustment. 
unpleasant fumes and special ventilating systems P - 


e Pneumatic-assisted handling of 
originals and sensitised material to 
obviate fatigue. 


are thus unnecessary, making it a simple matter to 

move the machine to a new position at any time. 

e Complete design co-ordinated for 
exceptionally high potential output. 

e Excellent mechanical layout giving 
silent, vibrationless running. 

e Comprehensive maintenance service 
available at nominal cost. 


Capacity: rolls and cut sheets up to 42 in. wide. 
Printing speed: from 2 ft. to 30 ft. per minute. 
Lamp: H.P.M.V. quartz, 3,000 watt. 
Dimensions: height 58 in., width 72 in., depth 
(tray extended) 80 in. Weight: approx. 1,400 Ib. 


Subject to certain conditions, the majority of 
AZOFLEX photoprinting machines can be hired 
as an alternative to outright purchase. 


ILFORD Azoflex 


PHOTOPRINTING MACHINES & MATERIALS 
Full details from 

ILFORD LIMITED, 

INDUSTRIAL SALES DEPT, AZ1I8U 
ILFORD, ESSEX. TELEPHONE: ILFord 3000 
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4 good reasons for fitting 
BTR High Test V-BELTS 








HIGHER 
HORSEPOWER 





Grommet construction makes the most efficient use of 

high tensile cords to produce the strongest V-belts yet made. 
For grommet construction ensures that all the cords of a belt 
share the load equally—which is the condition for maximum 
transmitting efficiency. Furthermore, a grommet, being an 
endless loop of high tensile cords, has no joints to weaken 

the belt, no overlapping sections to stiffen it. 





cy 


MORE 
GRIPPING POWER 


Grommet construction ensures that the belt exerts full 
driving grip on the walls of the pulley groove, for there are 
no central cords to dip and ‘dish’ the belt, pulling it away 
from the walls under load. This extra driving 

grip allows heavier loads and prevents belt slip. 
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MORE OUTPUT FOR 
ELECTRICITY CONSUMED 





Despite its superior strength, a grommet is the most flexible V-belt 
load carrying device yet developed. Thus the belt runs cool 

and absorbs minimum energy in flexing around the pulleys. This 
saving in power appears in extra pay-load for electricity consumed. 
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LONGER 
BELT LIFE 


Operating with a higher safety factor than ordinary 
V-belts, BTR grommet V-belts last longer because 

they are stronger and also because being so flexible they are 
subject to little strain in flexing round the pulleys. 
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ENGINEERS 
IN RUBBER 





BTR HIGH TEST 


GROMMET V-BELTS 


Patented in Great Britain by BTR Patent No. 567406 


BTR Industries Lid nercanouse, vincent square, London s.w.i TEL: vic 3848 
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Indispensable 
in modern power 
Stations 


are built from proved, standard components 
Brown Boveri for voltages up to 400 kV and breaking capa- 
air-blast cities up to 20000 MVA; they ensure stable 

system operation and protect your installations, 
circuit-breakers machines and apparatus 











Brown Boveri = for the regulation of a.c. and d.c. voltage, cur- 

rent, power, frequency and pressurz, require 
quick acting little space and power, no upkeep, only one 
regulators Bingle setting. and function rapidly and reliably 








Brown Boveri 

generator detects widely differing types of faults without 
tisk of undesired tripping and safeguards your 

protection generators against disturbances of all kinds 


equipment 














Brown Boveri ‘ ' 

facilitates supervision and control of your sta- 
telephony and tions. It can be readily adapted to the speci- 
remote Super- fied conditions and is economical and ready 


visory control for service at any time 


Our specialists will be glad to advise you 


BROWN, BOVERI & CO., LTD. 
BADEN, SWITZERLAND 


Kepresentacives in most countries 
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IN-LINE DIGITAL DISPLAY UNIT 


















Each Unit can display Figs 
0 to 9 plus 2 decimal 
points. Other combina- 
tions will be available. 


* Read at a glance—at a distance—from 
any frontal position. 


¥% Exceptionally large illuminated figures or letters 
on front face. 


* High contrast for utmost visibility. 





% Any number of units can be grouped or panel 
mounted. 
Write for full details 


ounting 
nstruments Ltd 


COUNTING INSTRUMENTS LTD., 5 ELSTREE WAY, BOREHAM WOOD, HERTS. Tel. ELStree 1382 
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LADY Hercules/ 


Who would think a ladybird could carry 15 times its own carry 16,000 times its own weight, viz., 4 Ibs. at 100 r.p.m. 
weight This one is doing it easily and happily.* The load is A range of Hoffmann Miniature Ball Bearings is made from + 
a 4mm Hoffmann Miniature Ball Bearing. Even down to 3 m.m. outside diameter, to B.S.1. limits, 


more startling is the fact that this bearing can or if required, to specifications ABEC 3, 5 or 7. 








THE 
_ HOFFMANN 
MANUFACTURING 
COMPANY LIMITED 
CHELMSFORD, ESSEX 
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GAS 


FOR POWER GENERATION IN 


CANADA 


INCREASINGLY MEANS 





NATIONAL 





who have supplied to Canada engines which 
run on natural gas in a power range from 


62—2 120 bhp for single units. 


In a similar range of powers are National 
dual-fuel or alternative fuel units, using 
light or heavy fuel oils, together with sewage, 
natural or town’s gas. 

Expert technical staff are at your service 


and complete installation specifications are 





available on request. 





FREE PISTON GASIFYERS — We 
also manufacture Free Piston Gasifyers 
under licence from Alan Muntz and Co. 
Ltd., Pescara and S.E.P. Gasifyers, with 
a suitable Gas Turbine, provide power in 
single and multiple units from 1,000 to 
20,000 h.p. for electrical generating sets, 
marine propulsion, locomotive traction 
and compressor and pumping sets. 
Please ask for leaflet No. 1801. 


One of two 1,200 kW natural gas engines 
at Swift Current, Saskatchewan, Canada 


S 
as 


ed 


A member of the Hawker Siddeley Group 














THE NATIONAL GAS AND OIL ENGINE CO. LTD., ASHTON -UNDER-LYNE, LANCASHIRE 
Sole Export Sales Concessionaires : BRUSH INTERNATIONAL LTD., National Works, Ashton-under-Lyne, England 
NAT 38 
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Automatic or remote control of 

processes and temperatures in most cases results in 
higher production and improved quality. a? 
The size and variety of process control 

problems is increasing. To meet this demand, the 
Magnetic Valve range of automatic control valves and 
equipment has been exténded to provide 

highly reliable control of low, medium and 
high-pressure hot water, saturated 

steam, town’s gas, coke oven gas, oil, 

compressed air, refrigerants, and many 

other industrial liquids and gases. 

Magnetic Valves give immediate response 

under all industrial conditions and have 

established a reputation for hard work, 
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long life and absolute reliability. They do not 

use driving shafts, glands or stuffing boxes and 

can be fitted with flameproof coil cases if 

required. Full technical details of this extensive 

range of valves and equipment are contained 

in our new brochure No. 66. 

Why not write NOW for your copy? 
If you have a problem involving the design, 
installation and satisfactory operation of 
automatic control equipment, you’ll find our 
Technical Advisory Service of great benefit. 










Magnetic ‘R’ Type 
Single-beat Stop Valve with 
Flameproof Solenoid Enclosure 


12” Magnetic Safety 


Magnetic ‘R’ Type 
Cut-out Valve with Special Lever 


Single-Beat Stop Valve 





MVC | The Magnetic Valve Company Ltd 


7 KENDALL PLACE, BAKER STREET, LONDON, W.1. Telephone: HUNter 1801 
MV.3 
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The 
Right Angle 
on the 


Drive 


E.N.V. have exceptional facilities 
for the manufacture of spiral 
bevel and hypoid gears in sizes 
up to 72” and for the serial 
production of right-angle drive 
units for a wide variety of 


industrial applications. 


Engineers who need right-angle 
transmissions are invited to 
communicate with the E.N.V. 
Design Department at the 


project stage. 











E.N.V. ENGINEERING COMPANY LIMITED, 
Telephone : LADbroke 3622. 


for Gears 
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YOURS CONSISTENTLY... 


The Sykes VS4A is a machine designed first and 
foremost for the fast shaving of fine pitch gears 

to a consistently high degree of accuracy ; especially 
for the precision finishing of fine pitch gears 

for electronic instruments, control 

mechanisms and similar precision apparatus. 

The VS4A can shave spur and helical gears up to 

4 inches in diameter and 1 inch face width, 

with a pitch as coarse as 16 D.P. 

As with all Sykes machinery, the VS4A is built to 
the highest standards of accuracy and rigidity. 

It occupies the minimum of floor space, and its 
simple loading enables it to be operated quite easily 
by unskilled labour. If required, 

automatic loading can also be employed. 

The VS4A, once loaded, will rapidly and automatically 
perform a full cycle of operation varying from 

13 to 45 seconds—depending on the material 

and characteristics of the component. 


if you want perfection... 

highest accuracy, best surface finish and quietest 
operation is achieved by gears which have been shaved. 
If the fine pitch gears you produce have a total 
composite error of more than 0.0003 inches, 

you should find out more about the VS4A. 





PRECISION and associated companies 
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Sykes Tool Corpn. Ltd., Georgetown, Ontario, Canada 
GEAR SHA VERS Sykes Machine & Gear Corpn., Newark, N.J., U.S.A. 
W. E. Sykes Ltd., Mascot, Sydney, N.S.W., Austratia 


W. E. SYKES LTD - STAINES - MIDDLESEX - ENGLAND 


Al? 
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FIRE-RESISTANT HYDRAULIC FLUID 





Satisfies the most exacting demands and combines 
excellent hydraulic efficiency with high safety value. 


It is : Non-corrosive 
Non-foaming 
Non-toxic 
Non-fuming 


The high film strength of Houghto-Safe 271 provides 
the metal surfaces with greater protection for longer 
periods—EXTRA SERVICE LIFE. 

Houghto-Safe 271 has been chosen by the Admiralty 
for the Retraction and Control System of B.S.4 
Steam Catapults installed in Britain’s latest Aircraft 
Carrier—H.M.S. VICTORIOUS 


Houghto-Safe 271 is a product of 





Crown Copyright. Reproduced 
by courtesy of Dept. of 
Engineer-in-Chief of the 
Fleet, Admiralty. 


Vaughan 
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BIRMINGHAM 4, ENGLAND 


Works and depots at: Birmingham, 
Manchester, Liverpool, Southall (Middx.), 
Bristol, Glasgow. 
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The logical advance in Mua TUnit| 





OLD WAY 


Threaded studs were 
spot welded (or insert- 
ed if die-cast) to the 
nameplate. To hold this 
in position, washers 
and nuts were 
laboriously assembled 
with great difficulcy 
especially on blind 
applications. 








LINN 5 (AIAN EF ANNE 
—_— 








THE SALTER WAY 


Studs are cast in with 
the nameplate, and the 
Fixes are simply pushed 
on, even on blind ap- 
ow" fIXES ON STUDS plications. The whole 
is firmly retained with 
an even spring tension. 
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Save material— reduce assembly time 








When it’s a question of assembling components and machining operations. A large standard 
in any engineering field, Salter Retainers are range is at your immediate disposal, and we 
the answer. They replace nuts and bolts, screws, should welcome the opportunity to assist in de- 
cotter pins, and eliminate expensive threading veloping special retainers to solve your problems. 





NEATER — MORE POSITIVE — PERMANENT RET 
Send for the Salter Retainer 


catalogue — no designer is 
complete without it. 


Circlips €> Fasteners Retainers ||| Fixes 
Geo. Salter & Co. Ltd., West Bromwich - Spring Specialists since 1760 


M-W.446 
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. for the steel buyer 


, the production 


room manager 


fact anyone who 


engineer—in 


has to use or order tool and 


** Sanderson 


high speed steels. 


describes our 


Steels ”’ 


standard range and illustrates 


typical applications. 


Write for a copy 
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* and high speed cutting tools 


machine knives 


- files - 


Saws 


, Makers of tool steels - 
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Finishing 
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Problems? Uj “a 
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3 
This FREE catalogue telis you a 
Hs 


7 
This catalogue contains information about the variety and uses of 
industrial finishes made by The Walpamur Company Limited, many 
of which are specially effective in the prevention and control of 
corrosion of industrial steelwork and plant. Comprehensive data is 
given regarding the applications and performances of primers for 
metal, primer fillers and stoppers, low bake and special stoving 
finishes, quick-drying enamels, and nitro cellulose finishes for wood 
and metal. Booklets about FEROX Epoxy Resin Paints and Silicone 
Paints, containing a wealth of information and examples of their 


os atin uses, and a new Industrial Shade Card showing the full range of 


TO HER MAJESTY THE QUEEN = CQJours, are also available on request. 
MANUFACTURERS OF PAINT 


how to soive them 





THE WALPAMUR COMPANY LIMITED 
DARWEN AND LONDON 


Paints, enamels, varnishes and finishes for every industrial need 
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(Photograph by kind permission of Leyland Motors Ltd.) 


Neven hones are used by the leading 
engineering firms. The illustration shows our hones 
in use at Leyland Motors Limited 


IMPREGNATED 
DIAMOND PRODUCTS 
LIMITED 


OF GLOUCESTER 


TELEPHONE 21164 (3 LINES) 
TELEGRAMS IMPREG GLOUCESTER 
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Neven Diamond Tools Cut, Drill and Grind the Hardest Materials 
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A Mew Tool Gree 








Mushet Special ‘‘VG’’ high-speed steel is the very 
latest development of tool steels in the United 
Kingdom, by Samuel Osborn & Co., Limited. 
Remarkable resuits under production conditions 
are assured, far in advance of other tool steels in 
this category. 

Stocks of lathe tools, planer tools and toolholder 
bits, in this steel, are available in standard sizes. 


IMPROVED PERFORMANCE FROM MACHINE TOOLS 


If you use centre lathes, capstans, automatics, combinations, planers, 
shapers, boring mills., etc., these tools will: 


* CUT FASTER 

* LAST LONGER 

%* MACHINE TOUGHER MATERIALS 
including Nimonic alloys 

%* REDUCE PRODUCTION COSTS 


@ ALSO AVAILABLE 
IN BAR AND 
BLANK FORM 


f 






aman 
y" 











ibis 


Ci 











f 
, Comprehensive stocks | 
constantly maintained | 


SAMUEL OSBORN & CO., LIMITED 


CLYDE STEEL wort«Ks, SHEPFIELD 
FINE STEEL MAKERS + STEEL FOUNDERS + ENGINEERS’ TOOLMAKERS. 
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- Stand-by for 
giese'® \ Uranium... 


: Where two years ago there was only virgin Canadian forest, 

- there now extends the great Consolidated Dennison 
Uranium Mine, a 45,000,000 dollar enterprise and the 
largest uranium mine in the world. 





As a safeguard against failure of the hydro electric power supply to 
a vital part of the plant ‘the stoppage of which would necessitate 

a lengthy shutdown) this Mirrlees JVSS12 engine and Brush 
generator have been installed; within twenty seconds the 

diesel plant starts automatically and reaches full power, 

taking over the load and preventing a costly shutdown. 


MIRRLEES, BICKERTON AND DAY LIMITED 


A member of the Hawker Siddeley Group 


HAZEL GROVE * STOCKPORT °* CHESHIRE *: ENGLAND 
Telephone: STEPPING HILL 3841 (14 lines) Telegrams: ‘‘Mirrlees Telex, Manchester” 
1E 21 
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At the heart of Automation will be— 


HEENAN-<DYNAMATIC 


Variwble speed 
COUPLINGS 


innumerable examples, in the widest variety 








of applications, prove their versatility in 
solving almost any problem of controlled speeds, 
and response to almost any kind of signal. 


HEENAN & FROUDE Limite oS 
WORCESTER - ENGLAND 
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_ SPEED PRODUCTION AT 
INTERNATIONAL HARVESTER 


With hydraulic feed and sliding head, these 
are the machines to slash costs where multi- 
drilling on batch production is involved. At 
International Harvester Co. (Gt. Britain) Ltd., 
Doncaster, for instance, six 33/64 in. and four 
13/32 in. diameter holes are drilled in hubs for 


baling machines at the rate of fifty-five hubs per 
hour. 


These machines can be supplied with circu- 
lar or rectangular heads, with up to twelve 
adjustable spindles with a capacity, according 
to size of machine, for drilling holes from 3 in. 
to I} in. diameter. Machines with fewer 
spindles naturally have a greater capacity. 


Ask for complete details and production 
data on your own work. 


JAMES ARCHDALE & CO. LTD 
LEDSAM ST. BIRMINGHAM, I6. 


Telephone No. EDGbaston 2276 
A Member of the Staveley Coal & Iron Co. Ltd., Group 


Sole Agents: ALFRED HERBERT LTD., COVENTRY 
Telephone No. 89221 
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** Newallastic "’ bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 


POSSILPARK GLASGOW 
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OPEN-SIDE 
SURFACE GRINDING MACHINE 


This heavy duty Horizontal 
Spindle Surface Grinder fully 
meets modern requirements 
for a machine capable of highly 
accurate work at maximum 
production rates. Available in 
three sizes with work table 
capacities of 30in. by I5in., 
48in. by I5in. and 72in. by 
15in. 








PRECISION plus PRODUCTION 


Telephone : Altrincham 3262. 
Export Sales Organiseticn : 


Home Selling Agents : 


Designed for heavy duty and continuous high speed precision 
working. 


Electronically controlled intermittent cross feed. Provision 
for accurate reversal when grinding recessed faces. 


Variable automatic vertical feed with pre-set automatic 
cut-out. 


Hydraulic table traverse up to 100 feet per minute. 


Table traverse ways automatically lubricated from oil supply 
independent of hydraulic system. 


Permanently protected precision ground slideways. 
Electrically driven slow cross traverse for wheel truing. 


Grinding wheel spindle electrically interlocked against 
starting until lubricating pump is running. 





THE CHURCHILL MACHINE TOOL CO. LTD. BROADHEATH, NR. MANCHESTER 


Telegrams : Churchale, Manchester 
ASSOCIATED BRITISH MACHINE TOOL MAKERS LTD. 


LONDON, BRANCHES AND AGENTS. 


CHARLES CHURCHILL & CO. LTD., BIRMINGHAM AND 
BRANCHES. 
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More accurate 
than human skill 
_ ae 
Sh Hydraulic Control of motion 


Paradoxically, the product of human skill is more accurate than human skill itself. This 
is particularly so in the case of Savery Hydraulic Pumps. Countless thousands of 
Savery Pumps are in use throughout the world working with precision that neither human skill 
nor other means can match. Next time you’re considering control of 
motion remember Savery Hydraulic Pumps first. 





Savery Pumps can be supplied with fixed or variable delivery. 
FOR FURTHER DETAILS OF 


SAVERY HYDRAULIC PUMPS 


WRITE TO 


THOMAS SAVERY PUMPS LIMITED 


BRACEBRIDGE STREET - BIRMINGHAM 6 ~- TEL: ASTon Cross 1316-7 
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The latest techniques 
in the rolling mill «e- 





ee e demand the 


latest techniques 
in roll making 





ALLOY STEELMAKERS - FORGEMASTERS 
STEEL FOUNDERS - HEAVY ENGINEERS 


THOS FIRTH & JOHN BROWN LIMITED SHEFFIELD ENGLAND 
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Revolutions per minute or rev a per 
_— ? There you, have the vital difference 
between osdinary electri¢ motors and 

| a made by EPE. Thousands of EPE 
electric motors are running at the rate of 
Over 1000,000,090 revs. a year—unfailingly 
—year in, year out! Unusual ? Not a bit. 
EPE electric motor users take this sort of 
service for granted. Next time you’re 
buying electric motors remember it|pays 
to specify EPE—to be sure. 















ELECTRICAL POWER ENGINEERING CO. (6 HAM) LTD. 


ae: HAM 


Birr 








421 LONDON, W.C.2. 






LONDON OFFICE GRAND BUILDINGS, TRAFALGAR SQ., 


Phone: Whitehall 5643 & 7963 











Wear resistant parts like these 
are Carbonitrided in EFCO Furnaces 


eGo 


Cash register, roller chain, and motor car manufacturers 
use Efco furnaces for carbonitriding components that must 
withstand impact and wear. A typical Efco-Lindberg 
carbonitrider is the standard CT-122410-A3 

furnace illustrated. This is heated by the new Corrtherm 
electrical elements located in the side walls, the 

current being supplied through aluminium busbars 

from a special transformer situated on the top of the 
furnace. The charge dimensions are 12 in. wide x 

10in. high x 24in. long, and the output for straight 
hardening is about 100 Ib. per hour. Standard sizes are 
available up to 24in. wide x 18in. high « 48 in. long. 






Let us send you these publications: 
Carbonitriding & Carburizing furnaces with gas-fired 
radiant tubes or the new Electric Corrtherm Elements 
ELECTRIC RESISTANCE FURNACE CO. LTD., NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY 
Telephone: Weybridge 3816 ° Associated with Electric Furnace Co. Ltd., and Electro-Chemical Engineering Co. Ltd. 
NRP/R 3036 
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DIES & DIE INSERTS 
) A 145 53% Chrome Vanadium Molybdenum Steel. 
© XX 369 53% Chrome Tungsten Molybdenum Steel. 


© 896 Medium Carbon Chrome Vanadium Steel. 
Supplied in ultrasonically tested forged blocks and black 
bars of square, round and rectangular sections. 


DIE CORES 


(Lock 237 18% Tungsten Vanadium High Speed 
Steel or the same quality of steel as that used for the die. 
Supplied centreless ground to precision limits, in lengths. 


SPECIAL STEELS 


4 Pembridge Mews, Notting Hill Gate 


die casting dies 


Photograph by courtesy of 

J. V. MURCOTT LTD 
Castings 73lbs. each produced 
at intervals over 3 years 


EJECTOR PINS 
(©) 896 Medium Carbon Chrome Vanadium Steel and 
other types. 


Supplied centreless ground and in the annealed condition, 
suitable for upsetting of the ends. 


UNCOATED WELDING FILLER RODS 
(@® A 145 53% Chrome Vanadium Molybdenum Steel. 
® XX 369 54% Chrome Tungsten Molybdenum Steel. 


5/32” diameter material, in 3 feet lengths, available from 
stock. 


Especially suitable for atomic welding under hydrogen. 





(KAYSER (ELLISON {{& CO.LTD) 





CARLISLE STEEL WORKS SHEFFIELD 
TELEPHONE: SHEFFIELD 22124 
ESTABLISHED 1825 

Midland Stock Warehouse 
Station Road, Coleshill, Birmingham. 
London Stock Warehouse 


Tel. Coleshill 2041/2 


Tel: KEN. 9062/3 
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THOSE SMALLER COMPONENTS 


|  FASTERE: THE 
NEW 







18 SPINDLE 16 TABLE 


we 
SPEEDS ee FEEDS 





STRONG 
AND 
STEADY 










SETTING 






AUTOMATIC 


FOR FULL DETAILS WRITE TO 





SPECIFICATION 

WORKING SURFACE OF TABLE Sin. x in. 
HEIGHT ADMITTED BETWEEN | MIN. fin. 
SPINDLE NOSE & TABLE } MAX. 24 in. 
DISTANCE FROM CENTRE OF SPINDLE | nie: 

TO FACE OF COLUMN } 

SPINDLE ADJUSTMENT éin. 
SPINDLE DRIVING MOTOR 40hp. 


SPINDLE SPEEDS: upto 1[600r.p.m. 
THREE OPTIONAL RANGES OF 18 SPEEDS 
RANGE |. 20 TO 1000 r.p.m. 
RANGE 2 25 TO 1250 r.p.m. 
RANGE 3. 32 TO 1600 ¢.p.m. 
TABLE FEEDS: upto 63 ins/min. 
FOUR OPTIONAL RANGES OF 16 FEEDS 
RANGE |. 0-8 TO 25 ins./min, 
RANGE 2. 1:18 TO 37-Sins.jmin. 
RANGE 3. 1-6 TO 50 ins.min. 
RANGE4 2 TO 63 insimin. 
100 ins/min. 


KENDALL & GENT: 


Phone EAST 1035 GORTON MANCHESTER | 
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Silicones 
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REGO TRADE MARK 


INDUSTRIAL HYDRAULICS 


Lockheed 

hydraulic controls 
have been chosen for 
the new BRISTOL 
high-altitude RAMJET 
test plant 


OUR TECHNICAL ENGINEERS WILL BE 
PLEASED TO DISCUSS YOUR HYDRAULIC PROBLEMS. 


TOP RIGHT 

To control the amount of air fed to the ram- 
jet on test. Lockheed hydraulic controls, 
including over 40 accumulators, have been 
installed by Bristol Aero-Engines at their new 
test plant. Six large gate valves operated by 
8” diameter cylinders are actuated by 
Lockheed finger-tip control. 


CENTRE 

Each control valve is hydraulically operated 
by fluid directed from two thrustor operated 
micro valves situated in the hydraulic power 


room. 


BOTTOM 


Pumps are used to charge accumu- 
lators associated with the operating 
equipment. Banks of eight accumu- 
lators are also installed to give a 
reserve of hydraulic power at each 
of the six valves. 






AUTOMOTIVE PRODUCTS 
COMPANY LIMITED 


SHAW ROAD, SPEKE, LIVERPOOL, 24 
TELEPHONE: HUNTS CROSS 2121 





‘Bloodhound’ guided missile 
—— by two Bristol 
ramjet engines. 
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BRUSH SPRINGS BY TERRYS 


Our long experience has taught us how to make good 
BRUSH SPRINGS in steel and phosphor bronze. Please may 
we quote to your samples or prints? 


HERBERT TERRY & SONS LTD 


repvoitcn = Spring Speciclists for over 103 years 


Manchester: 279 Deansgate . London: 27 Holborn Viaduct, E.C.1 
Birmingham: 210 Corporation Street 





HT 25A 
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do you want a valve OF a 


headache ? 


Time-proven Nickloy valve discs and 
seats and superior packing are the 
protection Hunt & Mitton give you 
against the cutting action of high 
pressure steam. 





In every industry, Hunt & Mitton valves are 
handling high temperature, high pressure 
steam, hot water, gases and other fluids, with 
a quiet efficiency that has yet to be challenged. 





' insist on 






VALVES 


Send your inquiries NOW to— 


HUNT & MITTON LTD., OOZELLS STREET NORTH, BIRMINGHAM, |. 















CLASS P CAT. 440 AC5 ENERGY LIMITING 


REWIREABLE FUSE LINKS 





This range of Aeroflex Fuses has a proved breaking 
capacity of 46 KA and a standardised fusing factor of 
Offer 1.25, Known as the AD and FC types, they are fully 
interchangeable with their predecessors, the AF and CM 
patterns, and, of course, they are rewireable—fuse links 
are not discarded when blown, they can be returned for 


Advanced 
; a oe prompt replacement in our rewiring service scheme. 
Characteristics Send for Publication CF.2. 


Parmiter Hope & Sugden Ltd 


MANCHESTER 12. 
Glasgow: §, Somerset Place, C.3. Birmingham: 39/41, Carrs Lane, 4. 












London: 34, Victoria St., S.W.1. 
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An ‘ENGLISH ELECTRIC’ mercury arc 
rectifier being placed in a high temperature 
electric oven for preliminary degassing— 
one of an extended series of operations 


and tests ensuring consistent reliability. 








ENGLISH ELECTRIC 


Power generation - ‘Power transmission * Powercontrol * Power distribution 


Power transformation * Power conversion * Power utilisation * Power measurement 
Power is our Business 


THE ENGLISH ELECTRIC Company LiMiTED, MARCONI HouSE, STRAND, LONDON, W.C.2 
Partners in Progress with NAPIER, MARCONI’S, VULCAN FOUNDRY and ROBERT STEPHENSON & HAWTHORNS 
in The ENGLISH ELECTRIC Group 

















KEGD. TRADE MARK. 


HYDRAULIC CONTROL 
SAWING 
MACHINES 

Unique in design. Proved in practice. 


One simple setting and it is capable of 
dealing with any section within its 





YOU INCREASE THE PRESSURE ; : 
TO SUIT THE SECTION range with blades of one pitch of 


tooth. The blade commences and 
finishes each cutting stroke with no 
pressure whatsoever. 

What a saving in blades! 


Famous for speed, accuracy and 
reliability. 














CHARLES WICKSTEED & CO. (1920) LTD.| KETTERING Tel.: Kettering 3113, 









PRESSINGS 


If you require pressings consult Ward 
(Metai Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 
our products, and similar components 
can be produced to your own specifica- 


tion and design, and supplied in painted, 
plated or sanialiad finishes. D A R L A S T 0 N , S T A F F S 
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Wherever lightness 
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and strength baal 
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Cut it to the shape you want—it holds together because 
it’s welded together. In the Weldmesh list of standard sizes 
you will find a mesh size and wire gauge to suit every purpose. 


A technical service is available to handle any problems. Va po 
a 


V4 


Weldmesh is a registered trade name and is supplied direct to users by the sole manufacturers: 


THE B.R.C. ENGINEERING CO. LTD., STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.|! 


M-W.896 
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efficiency through RATIONALIZATION 





ALL your needs in Engineers’ Small Tools, Macrome Treated Tools, 
Hand and Power Tools from ONESOURCE. The time, effort, thought Jae=ze 
and paperwork entailed by piecemeal ordering saved permanently by 

the single decision tools from Hallmac. Rationalize your buying by = S BE a 


making use of Hallmac’s immense and comprehensive stock ranges and 
of their countrywide distribution and service network. 














HALLMAC TOOLS cmrep 

Head Office and Depot: PO Box No. 39 Macrome Road, Wolverhampton. Telephone: 52001 (9 lines) 
LONDON: 2! Ivor Place, N.W.1. Telephone: PA Ddington 0204 

MANCHESTER: Transport House, 1 The Crescent, Salford 5, Lancs. Telephone : Pendleton 3656 
GLASGOW: Central Chambers, 11 Bothwell Street, C.2. Telephone : CENtral 5066 

Sales Managers for the Hand Tool Division of the Bren Manufacturing Company 


JW.Ad 4309 
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cROWIHORN 8', CENTRE 
—: PARTING-OFF 


TURNING & BORING LATHE 















Ke 


~ iF 











This lathe is specially designed for the high speed production of such articles as 
cylinder liners, piston rings, etc., and for the rapid parting-off of ferrous and non-fer- 
rous bar and tube. The specification includes pneumatic or hydraulic chucking 
equipment, screw operated parting-off toolslide assembly on overhead arm, front 
and rear tool holders, boring bar holders, self-contained motor drive and electric 
suds pump. Please write for detailed lit2rature. 


CROWTHORN ENGINEERING COMPANY LIMITED 
High Class Machine Tool Makers 


REDDISH : STOCKPORT ° ENGLAND 
Phone: STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 





CL.92 
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Engineered 
for 
endurance 


This robust pump will ensure 
a longer life of useful service. 







Cast iron and steel with steel backed lead 
bronze bearings. Gaskets and glands not 
subject to pressure. Steady flow. Hydrauli- 
cally balanced. 


MA3jo ceaR PuMy>— =Cfds MEASUREMENT LIMITED 


700 g.p.h. at 720 r.p.m. Manufacturers of Liquid Meters, Rotoplunge Pumps, and Control Apparatus 
1,000 g.p.h, at 960 r.p.m. TAMESIDE WORKS: DOBCROSS, NEAR OLDHAM 
Telephone : Delph 424 (5 lines) Telegrams : SUPERMETER. Dobcross 


Export Inquiries to: PARKINSON COWAN GROUP EXPORTS LTD., 
TERMINAL HOUSE, GROSVENOR GARDENS, LONDON, S.W.! 


Telephone: SLOane 0111/4. Cables: DISC. London 
A Parkinson Cowan Company 





BRAYSHAW ron mtine CUTTERS mon on 


@ NEW 

@ SIMPLE DESIGN 
@ EASY TO USE 
@ INEXPENSIVE 


For accurate convex radii on : 
Side and Face Cutters 
Slotting Cutters 

Angle Cutters 


Can be used on standard types of Cutter Grinders, 
Cylindrical Grinders or Lathes fitted with toolpost 
grinding attachments. 


CAPACITY : Cutters 3 in. to 8 in. diameter, I} in. 
wide. Radii up to § in. 





Full particulars on application. 


BRAYSHAW TOOLS LIMITED 
BELLE VUE WORKS, MANCHESTER 12 


Telegrams : *‘ HARDENING "’, Manchester. Telephone : EAST 1046. 
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SCHRADER FLOW CONTROL VALVES provide a control of movement 
speed so essential to the effective use of compressed air equipment. The range of 
valves has now been extended to give even greater flexibility. 

The valve is easily set, by means of an adjustment screw, thus determining 
how fast the air flows in the “adjusted” direction. If used in conjunction with an air 
cylinder, for instance, the valve can control the pressure build-up and with it the 
speed of the piston thrust, but not its pushing force. This controlled thrust speed 
avoids the impact shock of suddenly applied air pressure, yet permits full thrust 
force. When the valve is operating in the “full flow” direction a poppet is opened, 
giving open line pressure. Where controlled air flow is required in both directions, 
two valves can be fitted back-to-back. 

Although designed primarily for air control, these valves are equally suitable 
for use with oil or water in hydraulic systems. 


Body of cast brass. The }” bore valve is the latest addition to the Schrader range, 
ae 


Non-corrodible plunger assembly, which now covers }”, }” and 3” B.S.P. sizes. These provide a pressure 


replaceable in one unit. range as follows :— AIR: 0-400 P.s.1. OIL or WATER: 0-800 P.S.I. 
Substantial lock-nut 
resists vibration. 


Sone 


-~——~—~ ~~~ ~~~ ~~~ —— 5 


To: A. SCHRADER’S SON, Air Control Products Dept. ED, 
FLOW CONTROL VALVES 829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 


Please send details of Schrader Flow Control Valves 





| 
| 


sais ccs cise: cenecsnneonnsennsessbienenniannch-cnsbuveduhespiatbnepenccenbenioussqenlessanisnvabnesesanecepanbecnoneabuavnsnas 
| | 


SPALL PERLE DRE RE ALS TI CT 
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for 100 per cent 


accuracy 


in making form tool cutters of all 
types. We have over a century of 
experience in precision engineer- 
ing and non-standard flat and 
spherical form cutters are our 
speciality. 

Look for Chatwin. The name for a 
guarantee in precision and accur- 
acy. 


Write for a copy of 
‘* The Tool for the Job" 
a Chatwin Publication. 


Thomas Chatwin & Co. 
Great Tindal Street 
Birmingham 16 

Phone: Edgbaston 3521 


London Office: 25 Hanover Sq., W.1 
"Phone: MAYfair 8783 











‘CLAY FLE X’ 
FLEXIBLE BEARINGS 


Provide for the silent trans- 
mission of power and eliminate 
vibration. They cushion drive and 
require no lubrication, adjust- 
ment or maintenance. Produced 
in a variety of styles and sizes. 
Our Technical Dept. will gladly 
advise on bearings to meet your 
particular application. 





‘NYLASTIC’ ADJUSTABLE 
SUPPORT CLIPS 


Made in various sizes, tough, flexible 
and light in weight.  Self-locking, 
with radiused inner surface. Earthing 
or Plain types available in Saddle or 
“P ” form. 








Roo 2 i a Re Bee em W til, 9°NYLASTIC’ 
> 


BEARINGS 










YW Cd ‘STIKASTRIP’ —_— 

GY £ <j ADHESIVE SPONGE - RUBBER ZY on oy For oscillating and rotary applica- 

“9 UY, SEALING STRIP Z be GY Yj tions these bearings are designed 

ChE SF Sy: : Z \ ~ Y to bring users the full benefit of 

Ds 6 G Ideally suited for all sealing purposes, %, x <2 Nylastic as a bearing material. 

Y “ WN absorbing vibration and weather Y ) a Having a relatively low coeffi- 

yy Beil Z li E l ; Y = cient of friction, Nylastic provides 

7 UY eae 4 od ~ ng a ee Zi a smooth silent bearing that can 
— A i i ver ifferent sections 

= Z available and supplied in 10 ft. rolls. V7), Y ——— the most adverse 


For further details of these HOWARD CLAYTON-WRIGHT LTD 


her products writ 
— WELLESBOURNE . WARWICKSHIRE . ENGLAND 


Teleph : Wellesbourne 316/7/8 * ‘Grams: Clatonrite ’ Wellesbourne 
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VATA TR \ \ 


TAYLOR- 


\ 
oe 3 TALYS Up ix 


Wp 
\\ 









Ask for list 204-1 Designed to measure the roughness of surfaces such as bearings, etc., 


by traversing a sharply-pointed stylus over the surface, electrically 
amplifying its movements and giving either a graph indicating the 
nature of a cross-section of surface undulations, or an average number 
C.L.A. indicative of the degree of roughness. Model 3 ‘ Talysurf’ 
is capable of measuring a wide variety of surface textures. The 
instrument conforms to requirements of British Standard Specifica- 
tion No. 1134 of 1950 and American (ASA : B46 : 1955). 





re pacsion | TAYLOR, TAYLOR & HOBSON LIMITED, LEICESTER, ENGLAND 


INDUSTRIES LTD. TS3/i8 
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CHAINS 


IN HIGH TENSILE STEEL & WROUGHT IRON 


SLING CHAINS 


NEW AND REPAIR SERVICE 


FORGING & DROP FORGINGS 


A SPECIALITY 


RINGS BOTH WELDED AND WELDLESS 
IN CARBON & ALLOY STEELS . STAINLESS 
‘““NIMONIC’’ ALLOYS . TITANIUM . 

LIGHT ALLOYS, ETC. 


RING SPRINGS for shock absorption and 
steady dissipation of shock consist of precision 
-olled rings within fine tolerances and close 
specifications. 


We} leihatiol Lami ieagie.! 


OF A RING SPRING Qonwonts 








VISCO _ 


The Forced-Draught, Timber-Frame Water Cooling Tower 
lluserated is one we supplied and erected for the West 
Midland Gas Board at their Nechells Gas Works, Bir- 
ningham. It is of 61,000 gallons per hour capacity and is» 





ased for cooling gas condensers. This tower is typical of 
nany we have installed in various parts of the country at 

zas works, collieries and industrial plants. ‘‘ Visco’’ Water  ~— 
-oolers are available in a wide range of capacities, in steel,  & 
‘imber, or ferro-concrete. 





We shall value your enquiries and will, on request, send Photo by courtesy of West Midland Gas Board. 
a technical representative to discuss any matter of water 


i hich i a Write for List No. 524 
cooling which interests you ee Sr Sees Oe Also makers of Air Filters, Dust 


Collectors and Fume Removal Plant 


THE VISCO ENGINEERING CO. LTD. STAFFORD ROAD, CROYDONES 
Phone: CROYDON 4181 
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FIRST IN THE FIELD—AND STILL IN THE LEAD 


The Pre-fabricated 
Drilling Platform under 
construction, showing 
the bow end. 


LINCOLNWELD SUBMERGED ARC 
WELDING UNITS ARE CHOSEN IN 
PREFERENCE 10 ALL OTHERS 


The first of its kind to be built in Great Britain, the 4,800 
ton marine oil drilling platform being constructed at South- 
ampton by STEEL STRUCTURES LTD., in association with John 
Howard & Co. Ltd., of London, and the De Long Corpora- 
tion of New York is extensively LINCOLNWELDED. 

LINCOLNWELD Fully Automatic Submerged Arc Welding 
Units using Lincolnweld Wire and Flux have been extens- 
ively employed for the fabrication of the platform, the all- 
welded hull (200 ft. long, 106 ft. wide and 16 ft. deep), the 
Caisson Shells and the Jacking Bars. 

Lincoln Improved Fleetweld 5 electrodes were used for 
the handwelding of the root runs on the Caisson Shells and 
Lincoln Jetweld Iron powder electrodes for the manual 
welds on the Jacking Bars. 

Hundreds of LINCOLN Automatic Welding Units are in 
use throughout the world. May we advise on your problem? 
Write or telephone The Automatic Division. 


WELWYN GARDEN CITY HERTS 
Welwyn Garden 920 (5 lines) 4581 (5 lines) 


E28a 
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KLAXON 


INDUSTRIAL WARNING 


SIGNALS AND 








TRANSPORT EQUIPMENT 


Buxton certified Mine Signal Equipment. Audible 
Signals for factories, railway yards, power stations, 
transport, etc. Heavy Duty Windscreen Wipers, 
and Direction Indicator Flasher Units. 


KLAXON 


FRACTIONAL HORSE- 


POWER MOTORS 


From 1/2000 to 1 Horse-Power. 
Commutator. Asynchronous Induction. 


GEARED UNITS 
Over 50 standard types. 


designed for special requirements. 


KLAXON 


every time! 


Synchronous. 


Output torques from 
zero to 2,500 Ib. ins. Other types and performances 


KLAXON LTD. Manufacturing Electrical Engineers 
Established 1909 
49 Upper Brook Street, London, W.1 


WORKS--BIRMINGHAM. 


Tel. : 


Tel.: MAY fair 9020 
Acocks Green 1654 





A52 





Making the best with Moon Machinery... 


FROM START TO FINISH 


only the best quality containers come from a Moon Brothers 
Machine. Just one of the machines in our wide range, the Semi-Automatic 
Double Ended Irregular Double Seaming machine illustrated is designed 
for long service with a minimum of maintenance, and o of 
adjustment. Changeover for varying sizes of Z 
container is easily made. Power can be fed 
through either a flat belt drive or by a self- 5 a 
contained Vee-belt motor, shown here. Manu- in li} 


facturers have found that this machine enables 
operators to develop faster rates of speed, and 
encourages high outputs. Have you any produc- 
tion bottlenecks in your tin box or container | 

section? We will be pleased to advise you 


' | i 
G 


mOOR 


Makers of Tin Box and Drum Making Machines 


MOON BROTHERS LTD., BEAUFORT RD., BIRKENHEAD 
Tel: BIRKENHEAD 1527/8/9 Gables: * MOONBRO " BIRKENHEAD 
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...not Ralsin- Nylon Il 


No ordinary material this Ralsin, it offers outstanding 
opportunity to engineers and designers everywhere. A 
superior nylon, it possesses all the advantages of other 
polyamides, plus *low absorption of water 
exceptional dimensional stability . . . and greatly 
improved electrical properties. 

Its versatility is endless. In mouldings large or 
small; in parts to satisfy an unlimited variety of 
applications ; in shapes that are intricate or unusually 
complex ; tough durable Ralsin offers new scope for 
engineering design. It is resistant to most chemicals, 
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has a low coefficient of friction and a high softening 
temperature. 

Ralsin-made machine parts (already the choice in 
many industries) require no lubrication, and are 
particularly suitable for processes where clean 
operation is essential. 

Whether it is adding sparkling colour appeal or 
reproducing design detail accurately, Ralsin offers 
unique properties in every application. Write for 
publication No. S/3 
* Water absorbed after 14 days immersion is only 1.6%. 


WHIFFENS 


A member of the Fisons Group of Companies 


chemicals for industry 

WHIFFEN & SONS LTD - WILLOWS WORKS 

DERBY ROAD - LOUGHBOROUGH - LEICESTERSHIRE 

Telephone: Loughborough 3141 

Telegrams: Whiffen, Loughborough, Telex. Telex No. 34548 
FOW3 1b 
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chain drives 





MORSE CHAIN DIVISION 
BORG-WARNER LTD-:LETCHWORTH:-HERTS-TEL: LETCHWORTH 2170 


MANUFACTURERS OF AUTOMOTIVE TRANSMISSIONS, TORQUE CONVERTERS, 
ONE WAY CLUTCHES, MORSE CHAINS AND HARTCLIFFE CHAINS. 
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A new way with Pistons 





Wilmot Breeden have recently developed 
a method of cold working (drawing and 
rolling) shells to close tolerances and high 
surface finishes. Applied to the quantity 
production of precision components, 
formerly machined from bar or forgings, 
it provides striking economies and high 
output rates. 

If you have an application for this new method 
we should be pleased to investigate and advise. 


The piston illustrated here has a 
diameter of 1.4”. It is cold drawn from 
sheet steel, and the neck and spherical 
end are produced by rolling. Surface 
hardness is 750 VPN. The benefits from 
this process are a substantial saving in 
materials and manufacturing time, and 
freedom for the designer to secure the 
maximum effectiveness and utilisation 
of material, through the maintenance 
of grain flow and structure. 


The illustration is by courtesy of Joseph Lucas 


(Hydraulic and Combustion Equipment) Ltd. 


W 1 lmot B r eed @T are skilled in metal manipulation 


Wtimot Breeden Ltd, Birmingham 1 


DECEMBER, 1958 Volume 19, No. 12 ASS 











U.S. PowerGrip is a new, compact transmission medium which 


offers a mechanical efficiency of almost 100°;, with no speed 
fluctuation. The non-slip, non-stretch, positive 

drive reduces power load and eliminates need for 

lubrication and tensioning devices. PowerGrip has many more 
advantages over other forms of power transmission ; 


write to-day for full information. 


“Diithibe lors ix the Unifek Kiugdorn aud Iipiflam Iplaud 


WILLIAM KENYON & SONS LTD 


CHAPEL FIELD WORKS - DUKINFIELD - CHESHIRE 
Telephone: Ashton-u-Lyne 1614/7 and 3673/6 











PG. 9 
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HACKBRIDGE 


I HACKBRIDGE AND HEWITTIC ELECTRIC COMPANY LTD 
| 
! 


HERSHAM - WALTON-ON-THAMES - SURREY 
Telephone : Walton-on-Thames 760 (8 lines) 


Telegrams & Cables: “Electric, Walton-on-Thames” 


OVERSEAS REPRESENTATIVES 
ARGENTINA: H. A. Roberts & Cia., S.R.L., Buenos Aires. AUSTRALIA: Hackbridge and Hewittic Electric Co. Ltd., 171 Fitzroy 
Street, St. Kilda, Victoria; N.S.W.: Queensland: W. Australia: Elder, Smith & Co. Ltd.; South Australia: Parsons & Robertson Ltd.; 
Tasmania: H. M. Bamford & Sons (Pty.) Ltd., Hobart. BELGIUM & LUXEMBOURG: Pierre Pollie, Brussels 3. BRAZIL: Oscar 
G. Mors, Sao Paulo. BURMA: Neonlit2 Manufacturing & Trading Co. Ltd., Rangoon. CANADA: Hackbridge and Hewittic Electric 
Co. of Canada Ltd., Montreal; The Northern Electric Co. Ltd., Montreal, etc. CEYLON: Envee Ess Ltd., Colombo. CHILE: Sociedad 
Importadora del Pacifico Ltda., Santiago. EAST AFRICA: Gerald Hoe & Co., Nairobi. EGYPT: Giacomo Cohenca Fils, S.A.E., 
Cairo. FINLAND: Sahké-ja Koneliike O.Y. Hermes, Helsinki. GHANA, NIGERIA & SIERRA LEONE: Glyndova Ltd. GREECE: 
Charilaos C. Coroneos, Athens. INDIA: Steam & Mining Equipment (India) Private Ltd., Calcutta; Easun Engineering Co. Ltd., 
Madras |. IRAQ: J. P. Bahoshy Bros., Baghdad. MALAYA, SINGAPORE & BORNEO: Harper, Gilfillan & Co. Ltd., Kuala Lumpur. 
Netherlands: J. Kater E.I., Ouderkerk a.d. Amstel. NEW ZEALAND: Richardson, McCabe & Co. Ltd., Wellington, etc. PAKISTAN: 
The Karachi Radio Co., Karachi 3. SOUTH AFRICA: Arthur Trevor Williams (Pty.) Ltd., Johannesburg, etc. CENTRAL AFRICAN 
FEDERATION: Arthur Trevor Williams (Pty.) Ltd., Salisbury. THAILAND: Vichien Phanich Ce. Ltd., Bangkok. TRINIDAD & 
TOBAGO: Thomas Peake & Co., Port of Spain. TURKEY: Dr. H. Salim Oker, Ankara. U.S.A.: Hackbridge and Hewittic Electric 
Co. Ltd., P.O. Box 234, Pittsburgh 30, Pennsylvania. VENEZUELA: Oficina de Ingenieria Sociedad Anonima, Caracas. 
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Extracting iron from processed materials 
Mechanising lifting and handling 
Separating ferrous from non-ferrous metals 
Separation of minerals, magnetic and electrostatic 
Transmission and braking 

Heavy media recovery 


+ + >t > >t >t 


RAPID MAGNETIC MACHINES LTD 


BIRMINGHAM 12 - ENGLAND 


Wold aber aguas of hgh taptab 


BACKED BY MORE THAN HALF A, CENTURY OF EXPERIENCE 
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The need for accurate sampling 
of many bulk materials on belt 
conveyor installations is met by 
the IC Pollock Sampler. Simple, 
robust, and easy to maintain, its 
reliable performance has been 
proved by prolonged power 
station service, and it fully con- 
forms to B.S. limits of accuracy. 
The sampler can be readily 
applied to new or existing belt 
conveyor installations with mini- 
mum alteration to lay-out of 
plant. It is part of an extensive 
range of IC Laboratory Equip- 
ment for sampling, sifting and 
| grinding through every stage of 
materials testing. 


The TYLER Sample Reducer 
reduces a large sample to a representative six- 
teenth part in only one operation. A 1-lb.sample 
for sieve tests can be obtained from 256 Ib. of 
material with only two reductions. 


INT N 
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Materials sampling stage by stage 
WITH IC LABORATORY EQUIPMENT 











“o4 
The IC POLLOCK Sampler 





The RO-TAP Sieve Shaker The RAYMOND Laboratory Mill 


provides a uniform mechanical shaking method carries out experimental grinding of non-abrasive 
from test to test. It handles up to thirteen 8-in dry materials in batches of a few ounces to several 
diameter sieves in a single operation. pounds at a time. Five interchangeable screens 


provided for varying degrees of fineness 


Send for full details 


OTHER LABC 





RY EQUIPMEN ICLUDES Elutriators, ROVAC Filter, TY-LAB Tester 


COMBUSTION PRODUCTS LIMITED 


Member of Atomic Power Constructions Ltd, one of the five British Nuclear Energy Groups 


London Office: Nineteen Woburn Place, W.C.1 Tel: Terminus 2833 Works: Derby, England 


TGA LEBR 


19, No. 12 A59 


Phone: SMEthwick 1571 5. 
Grams: Grifoven, Smethwick. 


PVC shows a phenomenal resistance 
to attack by chemicals. Strong acids, 
alkalis and other corrosive fluids make 
no impression on this tough plastic 
material. Complete Fume Extraction 
systems comprising ducting, hoods, 
fans, etc., designed to suit your 
requirements. 


A. E. GRIFFITHS (SMETHWICK) LTD., BOOTH ST., HANDSWORTH, BIRMINGHAM 2! 











STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 
CYANIDING POTS HIGH SPEED TOOL, DIE 
CASE HARDENING BOXES Ra,_e & SPECIAL ALLOY STEELS 
CAST IRON, BRASS, GUN METAL also STAINLESS STEEL ROAD 
PHOSPHOR BRONZE, ALUMINIUM etc. LINES, STUDS & SIGNS —— 


q 


HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 
From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray control 


Ay, felinson : Sstes Tid 


Head Cffice: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 
Foundry : Aizlewood Road, Sheffield 
Machine Shops : Broadfield Road, Sheffield 

London Office : Central House, 
Upper Woburn Place, W.C.|. 
(EUSron 4086) 

Glasgow Office : 93 Hope Street, C.2. 
(Central 8342/5) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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Phone: SMEthwick 15715. 


Grams: Grifoven, Smethwick. 


GLASS FIBRE 


with various resin combinations 


For all corrosive conditions 
encountered in modern 
industry, glass fibre plastics 
receive priority considera- 
tion as they possess high 
chemical resistance to a 
variety of acids, alkalis and 
solvents. We are one 

of the pioneers utilising 
furane laminates in con- 
junction with reinforced 
polyester to provide a 
composite structure. 


A. E. GRIFFITHS (SMETHWICK) LTD., BOOTH ST., HANDSWORTH, BIRMINGHAM 21 








SPECIAL ANTI-CORROSIVE 
EPINAMEL LININGS 


for 


STORAGE TANKS - MOBILE TANKS - CHEMICAL PLANT 


w 


A newly developed process resistant 

to abrasion and corrosion and to the 

action of chemicals, water and propellent 

fuels. Possessing maximum _ hardness 
without brittleness 


_ HOLDENS 
EPINAMEL 


LA 


FULL DETAILS FROM 
ARTHUR HOLDEN & SONS LTD., BORDESLEY GREEN RD., BIRMINGHAM 9 


TELEPHONE: VICTORIA 276! (7 Lines) J 2655 
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Tested at 2,500 p.s.i. 


The illustration shows a valve body for use in hydraulic control 

equipment. The complex nature of this valve body involves a great 

deal of machining ; at the same time high mechanical strength is an 

important factor, since the valves are used at a high working 

pressure and are tested at 2,500 p.s.i. 

These considerations led to the choice of castings in ‘Lepaz 35’, a 

pearlitic malleable which combines excellent machinability with : 
an ultimate stress of 33/38 tons sq. inch and an elongation of 6-8%. 


> LEY’S MALLEABLE CASTINGS CO. LTD., DERBY. TELEPHONE: DERBY 45671. 
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PITMAN 


THE PERFORMANCE AND DESIGN OF 
A.C. MACHINES 


By M. G. Say, Ph.D., M.Sc., etc. New 3rd edition. Thoroughly 
revired and up-to-date, the new edition of this very well-known 
book deals comprehensively with the basic theory of operation 
and applications of the three main categories of a.c. machines 
—transformers, three-phase induction machines and synchron- 
ous machines. 37/6 net. 
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ELECTRIC ARC AND OXY-ACETYLENE 
WELDING 

By the late E. Arthur Atkins and A. G. Walker. Revised by 
W. A. Atkins and A. G. Walker. 4th Edition. An essential 
book for students who require a sound knowledge of the prin- 
ciples and practice cf modern electric and oxy-acetylene weld- 
ing processes, while the practical welding operator will find 
the numerous hints and suggestions of the utmost value. 
32/6 net. 


TELECOMMUNICATIONS 


By A. T. Starr, M.A., Ph.D., etc. Here is a new and revised 
2nd Edition of this well-known work. Specially written to 
cover the Syllabus for the subject of Telecommunications in 
the London University Degree, it includes mathematical 
methods of both Fourier Analysis and Operational Calculus as 
well as a short account of microwave technique and waveguide 
theory. 37/6 net. 


From all booksellers 


Volume 19, No. 12 


technical books 


AIRPLANE DESIGN MANUAL 


By Frederick K. Teichmann. 4th Edition. Here is a new and 
revised up-to-date edition of this well-known book. It forms 
an excellent introduction to the art of airplane design, with the 
needs of the student, the young engineer, the draftsman, and 
the student working on his own, in view. 60/- net. 


GEOLOGICAL ASPECTS OF MINING 


By John Sinclair, M.Eng., etc. Deals with the general prin- 

ciples of geology, stratigraphy, geological mapping, and 

mineral deposits of economic importance; it than passes on 

to a practical application of these matters. A description of 

SO) new mechanized methods cf sinking shafts alzo is included. 
— net. 


THEORY AND PRACTICE OF 
ALTERNATING CURRENTS 


By A. T. Dover, M.1.E.E., A.M.A.I.E.E. 3rd Edition. Suitable 
for second and third-year electrical engineering students. It 
gives a thorough grounding in the principles of alternating 
currents (including polyphase currents) and the calculation of 
electric circuits. 45/- net. 


PARKER STREET, KINGSWAY, LONDON, W.C.2. 
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JOHN THOMPSON ‘INTEGRAL’ 


WATER TUBE BOILERS 


The John Thompson ‘Integral’ boiler is basically a two 
drum water tube unit which can be supplied for solid, 
liquid or gas firing. Water walls are used and these 
reduce brickwork maintenance and cut radiation losses, 
whilst providing flexibility and rapid response to 
increased steam demands. The combustion chamber 
design is such that low heat release rates are attained 
with relatively small furnace areas. Particular care has 
been given to circulation and a system of internal baffles 
is arranged to give high steam purity. Adequate water 
storage capacity is ensured by the large single bank of 
tubes and its associated downcomers together with 
the water walls and their independent feeding circuits. 
The installation at Stewarts and Lloyds consists of two 
John Thompson ‘Integral’ boilers each with an M.C.R. 
of 50,000 Ib./hr. on blast furnace gas or 75,000 Ib./hr 
on oil firing. The working pressure is 450 Ib./sq. in., 
and final steam temperature 750°F Steam generated 
is used for turbo-alternators and turbo-blowers and 
extraction steam for works processes and space 
heating. John Thompson have long experience in 
manufacturing all types of boiler plant and are able Below is shown the arrangement of a John Thompson ‘Integral’ 
to advise on the most suitable equipment for specific boiler fired by blast furnace gas or oil at Messrs. Stewarts and 





requirements. Lloyds, Bilston. Above, one of the boilers is seen during erection. 
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@ PRODUCTION OF ABRASION. 
RESISTANT SURFACES 
A relatively new hard-surfacing 
technique, which is growing in 
favour, makes use of a hard-sur- 
facing paste, consisting of a 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





suspension of pure hard-surfacing 

crystals in a suitable vehicle. The resulting over- 
lay is less diluted, producing what is claimed to 
be the most abrasion-resistant surface obtainable 
with hard-surfacing techniques. Unlike most 
hard-surfacing methods, the paste application is 
not a build-up process, the part to which paste 
is applied becoming hard-surfaced as a result of 
the alloying of its base metal with the paste. 
Penetration into the base metal is usually two to 
three times the applied paste thickness and, 
pound for pound, it will cover three times the 
area covered by rods or electrodes, contributing 
greatly to economy of application. It is reported 
that the thin overlays possible with hard- 
surfacing paste are very beneficial when used on 
agricultural equipment, such as ploughshares, 
discs, and hand tools, or on such wearing 
surfaces as the flights of screw conveyors. The 
thin overlay does not create a dull edge, and 
parts become self-sharpening, as the base metal 
wears first, leaving the alloyed hard-surfacing 
overlay to form a cutting edge. The wear-resist- 
ant qualities of hard-surfacing paste are also 
used to advantage in the construction and 
cement industries, where severely abrasive 
materials-handling applications are frequently 
encountered. Because of the heavier sections 
found in equipment used in these industries, 
heavier paste applications are more common. 
The hard-surfacing paste is usually applied to 
thin sections (under # in.) with a brush or 
spatula and fused with an oxyacetylene flame. 
In the case of thicker sections, it is applied with a 
putty knife and fused by a carbon arc. Nearly 
any contour may be overlaid with the paste 
material. 


@ HIGH-MAGNIFICATION GRAIN-FREE 

PHOTOGRAPHIC ENLARGEMENTS 

A simple and inexpensive method of obtain- 
ing photographic enlargements of extremely high 
magnification (up to 200), practically free 
from grain effects, has recently been developed. 
Basically, the method consists of projecting in 
sequence a number of identical negatives, pre- 
pared from the original negative, onto the 
enlarging paper. As the grains of emulsion in 
the various negatives are randomly distributed, 
it is extremely unlikely that they will overlap or 
coincide on different images, so that grain 
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effects are virtually eliminated and high-quality 
enlargements can be obtained. The magnifica- 
tion produced depends on the number of nega- 
tives prepared and projected, from 20 to 25 
negatives being required to obtain good enlarge- 
ments of 100. Naturally, the greater the 
number of negatives projected, the better will 
be the quality of the resulting enlargement. The 
overall exposure time is the same as that required 
for producing comparable enlargements from a 
single negative by conventional processes. It is 
stated that the method is applicable to all sizes 
of photographic negative, but it would appear to 
be especially suitable for use with miniature per- 
forated 35-mm_ stock, which lends itself to 
successive reproduction on a single band of film 
and to subsequent projection with perfect regis- 
tration of images in each case. 


@ METHOD OF PRODUCING HIGH VACUUM 

BY LOW-TEMPERATURE TECHNIQUES 

An unconventional technique of producing 
an extremely high vacuum is now being employed 
for missile research in a hypersonic wind-tunnel. 
The new technique, designated crypopumping, 
produces such a low temperature that all the 
air in a chamber or wind-tunnel freezes to a 
solid, leaving a high vacuum (about 10° atm). 
The crypopump is, in effect, a refrigerator for 
producing extremely low temperatures, using 
helium gas at —420°F as the refrigerant. At the 
moment, the crypopumping technique is most 
efficiently used in conjunction with mechanical 
pumps; however, whereas the pumping speed of 
a mechanical system falls off rapidly with in- 
creasing vacuum, the crypopump works parti- 
cularly well when a relatively high vacuum 
exists. Thus, the combined system makes use of 
the advantages of both methods. In the wind- 
tunnel application, instead of blowing or pulling 
air over the test models by conventional means, 
the crypopump freezes nitrogen gas out of the 
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Long service in exacting conditions has time and 
again proved the superiority of Goodyear Hand- 
built Hose for suction and discharge duties 
whether it be water, chemicals, foods, beverages, 
sand orgravel. Skilfully designed and constructed, 
the hose has multiple plies of high-strength 
closely-woven fabric with a helix of round steel 
wire to provide reinforcement against collapse 
and crushing. Most types can be supplied in any‘ 
length up to 60 feet. 

Whatever the service, Goodyear Hand-built 
Hose is first choice for tough, long-lasting, low- 
cost operation. 
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and fully embedded reinforcement for heavy semi-embedded wire for heavy duty applications. 
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stream, causing a flow of nitrogen from the 
other end of the chamber over the models. The 
temperature of the tunnel at this point is about 
—450°F. To be able to duplicate the high- 
temperature conditions under which missiles 
would operate at high speeds, the nitrogen gas is 
electrically heated when it first enters the tunnel 
and again just before it flows over the models, 
after which it is drawn onto large metal plates 
in the refrigeration unit, where it condenses and 
freezes. It is stated that missiles can be tested in 
this way under the same conditions prevailing 
at a speed of 20 Mach and at an altitude of 
about 300,000 ft. This tunnel is unique in that 
its only moving part is the refrigeration unit, 
which is operated by a 50-hp motor. In con- 
trast, a comparable unit based on a gaseous 
diffusion pump would require something like 
500,000 hp. 


@ PROTECTIVE MICA COATING FOR 

MAGNETIC CORES 

The magnetic characteristics of magnetic 
cores made of high-grade magnetically soft 
materials are changed considerably by mech- 
anical loads such as pressure, tension, and 
torsion, examples of such soft materials being 
ferrous alloys containing 50° nickel and 
ferrous alloys containing 3°, silicon, which are 
repeatedly and extensively cold-reduced and 
subjected to a final annealing process. The 
mechanical susceptibility, and thus the effect 
on magnetic characteristics, depend consider- 
ably on the materials, and generally increase 
with increasing permeability and increasing 
tseepness of the hysteresis loop. It is therefore 
desirable to strengthen the magnetic cores, so 
that mechanically strong constructional elements 
are obtained, without, however, causing the 
magnetic characteristics of the cores to be 
affected by the strengthening process. A recently 
patented process consists of protecting the 
cores by the application of a protective layer of 
mica formed on the core by electrophoresis, i.e., 
by the migration, under the influence of an 
electric field, of particles suspended in a fluid 
medium. It has been found that the physical 
state of the fluid in which the mica is dispersed is 
comparatively unimportant and that this fluid 
may be liquid, a vapour, or a gas. Favourable 
results are reported to have been achieved with 
distilled water. The protective mica layer sur- 
rounds all sides of the magnetic core and fits its 
shape exactly. A layer thickness of about 
0-5 to | mm has proved sufficient for strengthen- 
ing magnetic cores in this way. When the pro- 
tective layer of mica precipitated on the core has 
attained the desired thickness, the core is re- 
moved from the dispersion agent and dried, 
allowing the mica layer to harden. Various 
factors, such as temperature, force of field, 
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current density, type, and size of particles, type 
of dispersion agent, and duration of the treat- 
ment, affect the electrophoresis process. Conse- 
quently, suitable determination of these factors 
controls to a large extent the structure, fineness, 
and strength of the protective layer produced. 


@ PORCELAIN-TO-ALUMINIUM SEAL 


A new method has been devised for sealing 
aluminium to high-tension electrical porcelain. 
No intermediate materials or expensive vacuum 
or atmosphere heat treatments are required. 
With the new method, a mechanically reliable, 
vacuum-tight seal is obtained by bringing high- 
purity aluminium and porcelain or other alu- 
mina-silica ceramics into contact under carefully 
controlled temperature and temperature-change 
conditions. The seal is effected at high temper- 
ature by contacting the porcelain with molten 
aluminium. The temperatures and holding time 
at temperature are critical and depend on the 
composition of the porcelain. The rates of 
heating and cooling are also important in pre- 
venting damage to the porcelain by thermal 
shock, and in achieving a desirable grain struc- 
ture in the aluminium. Photomicrographs show 
that a chemical bond between the two constitu- 
ents is produced, the thickness of this bond being 
dependent on the composition of the porcelain, 
the temperature, and the time at temperature. 
It is stated that mechanical tests have shown the 
bond material to be stronger than either the 
aluminium or the porcelain. The new technique 
is claimed to eliminate the disadvantages inher- 
ent in other sealing methods, i.e., failure by 
leakage of mechanical seals (threads or shrink 
fits), caused by differences in thermal expansion, 
and by leakage of organic sealing and gasketing 
materials from deterioration under the ambient 
conditions involved. In addition, other methods 
of making a chemically bonded seal between 
porcelain and aluminium require numerous 
costly intermediate steps. Although this method 
is still in the experimental stage, it can be 
expected that the new seal will find applications 
in transformers, circuit-breakers, and capacitors, 
where the substitution of aluminium for steel or 
other structural materials is desirable. 


@ MINIATURE COATED-GLASS MAGNETIC 

COMPUTER DEVICE 

A recently developed magnetic device, about 
the size of a pin, is expected to increase the speed 
of electronic computing devices by from ten to 
twenty times. It consists of a glass rod, 0-015 in. 
in diameter, which is given a magnetic coating 
by a special electrochemical process. The new 
device can serve both as a switching and an 
information-storage element, and, while its 
maximum operating speed is as yet unknown, 
research models have exhibited switching speeds 
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as high as 4 millimicroseconds. The length of the 
glass rod can be varied, depending on the stor- 
age capacity desired. Coils, surrounding the 
rod in solenoid fashion, are made of very fine 
wire, and it is possible to wind ten storage 
element positions per linear inch along the rod, 
without incurring the danger of mutual interfer- 
ence. A single magnetic element for a coincident 
current memory requiring two inputs, an in- 
hibit winding, and a sense winding would con- 
sist of four separate single-layer concentric 
solenoids over the rod. Memory matrices, each 
consisting of a number of solenoids, can be 
stacked and simultaneously threaded with the 
rod. Since the rod can serve both as a logical 
switch and a storage element, it permits a reduc- 
tion in the number of semiconductors required 
in a computer and, though some transistors will 
still be required, all switching will be performed 
by the rods themselves. As a result, the number 
of active components in a computer can be 
substantially reduced and reiiability improved. 
In laboratory tests the rod has been operated 
in the coincident current mode from — 100° to 
+ 200°C. In the word-ordered mode this tem- 
perature range can be extended upwards. The 
rod has been switched continuously at a 5-Mcs 
repetition rate without adverse heating effects. 
The hysteresis loop of the magnetic coating on the 
rod is substantially square, showing ratios in 
excess of 0-95. 


@ NEW CERAMIC-TYPE THERMOELECTRIC 

MATERIALS 

A recent announcement claims the discovery 
of a new type of thermoelectric material which 
can convert the heat of a burning fuel or other 
high-temperature source of heat directly into 
electricity. To be useful for power generation, a 
thermoelectric material must operate at the 
elevated temperatures encountered in a burning 
fuel in a nuclear reactor, or in other primary 
sources of heat and, at the same time, must make 
the heat-to-electricity conversion with reasonable 
efficiency. For many years the thermoelectric 
effect has been observed in metals, most of which 
easily withstand the required temperatures ; 
however, because they are good conductors of 
heat and electricity, their maximum thermo- 
electric efficiency is of the order of 1% and is 
therefore far too low for power-generating pur- 
poses. More recently, the thermoelectric effect 
has been found to occur in semiconductors, 
some of which exhibit quite reasonable thermo- 
electric efficiencies, though not at the elevated 
temperatures at which power is usually gener- 
ated. It is now reported, however, that new 
thermoelectric materials have been discovered 
and are believed to be the first of this type in the 
general category of substances normally char- 
acterized as insulators. These new thermoelec- 
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tric materials are ceramics and, as far as is 
known, the ceramic-type materials used experi- 
mentally are the first solid-state thermoelectric 
substances to operate with promising efficiencies 
at temperatures in the range of 2000 to 3000°F. 
These materials are described as “ mixed- 
valence’? compounds of the transition metals, 
i.e., compounds in which atoms of the same ele- 
ment have different amounts of charge within a 
single molecule. The study of mixed-valence 
compounds has been under way for some time 
because of their interesting magnetic properties, 
and the discovery of their thermoelectric be- 
haviour was an unexpected result. It should be 
understood that work on these new materials is 
still in its early stages, and they do not exhibit the 
efficiency demanded by conventional methods of 
power generation. However, for specialized 
operations, where compactness, light weight, and 
simplicity are more important than efficiency, 
they offer promise for practical applications re- 
quiring small amounts of electrical power. 


@ IMPROVED OSCILLATING-COLUMN 

COMBUSTION EQUIPMENT 

Although various designs of oscillating- 
column combustion equipment, e.g., for heat 
exchangers, using two combustion chambers 
adapted to operate in anti-phase and connected 
by at least one resonant tube, are well known, 
most of them have the disadvantage that they 
require mechanical non-return valves for their 
operation. Similarly, other designs in which 
attempts have been made to eliminate these 
valves have not been satisfactory, as their loss 
of oscillation energy has been considerably 
higher than that obtained with conventional 
systems using non-return valves. These dis- 
advantages are stated to have been overcome by a 
recently patented new design, in which two com- 
bustion chambers operating in anti-phase are 
connected at their inlets by a resonant tube 
incorporating a Venturi portion, the two con- 
verging parts of which are separated by a part 
which contains one or several openings for the 
admission of fuel and air or of a fuel-air mixture. 
In this way the pressure waves produced by 
combustion in one of the combustion chambers 
and travelling through the resonant tube induce 
fuel and air or a fuel-air mixture into the reson- 
ant tube for delivery to the other chamber, or 
vice versa. In this new design, the oscillation 
energy is substantially maintained apart from 
friction losses. Furthermore, as the limitations of 
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mechanical valves are absent, the frequency of 
oscillation may be increased, thus allowing the 
resonant dimensions of the system to be corres- 
pondingly decreased, while shut-downs due to 
failure or maladjustment of mechanical valves 
are obviated. In addition, the hot gases may 
oscillate as far as the centre of the resonant tube 
without affecting the operation of the combustion 
apparatus. Preferably, two resonant tubes are 
connected in parallel and have common connec- 
tions with the combustion chambers, the central 
portion of one resonant tube having an inlet 
for the induction of combustible gas, and the 
other for the induction of combustion air. The 
new equipment appears to be mainly intended 
for use in water heaters, but it may also be em- 
ployed as a power-gas source for turbines. 


@ PLASTIC COATINGS FOR SHIPS’ PROPELLERS 
Ships’ propellers are generally produced as 
castings which are suitably machined, in order 
to obtain a smooth surface on the propeller 
blades. This machining operation often com- 
prises cutting, grinding, and polishing, since it is 
important that the blades present the smallest 
possible frictional resistance during their move- 
ment in the water, and is both difficult and 
complicated. As a result, it is expensive, largely 
because the blade surfaces are formed according 
to predetermined helical and curved lines. A 
recently patented process aims at providing a 
coating for ships’ propellers made by casting, 
the application of the coating rendering mech- 
anical machining of the blades superfluous. The 
coating consists of a fibre-reinforced organic 
plastic material which is resistant to mechanical 
wear and shocks, to corrosion, and to electro- 
lytic action, and which presents a smooth 
external surface. The reinforcement may, for 
example, consist of glass fibres. A coating in the 
form of a film merely produced by spraying or by 
otherwise applying a plastic coating to the rough 
surface of a casting after sandblasting would not 
be satisfactory in service, because such a film 
would be spoilt by the varying influences to 
which the propeller is exposed in service. How- 
ever, the proposed coating applied to a propeller 
is claimed to achieve such a thickness that it has 
no difficulty in forming a completely smooth sur- 
face, and will possess such internal strength as to 
prevent the formation of dangerous cracks, 
which, during rotation of the propeller, might 
cause wear and tearing off of the coating from 
the blades and their subsequent corrosion. It is 
also claimed that the coating is strong enough to 
resist satisfactorily impacts and consequent 
bending of the blades. Examples of materials 
which are stated to be suitable for forming the 
coating include polyesters, polyethylene, vinyl 
resins, phenol resins, styrol resins, and poly- 
amide resins. 
DECEMBER, 
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@ MANUFACTURE OF MILLING-CUTTER TIPS 

BY POWDER METALLURGY 

A recently patented technique is intended for 
the moulding of parts of helical shape from a 
powdered compound, capable, after sintering, 
of producing a hard coherent product. Sintered 
parts of this kind may be used as tips for milling 
cutters. Usually, such tips are formed from a 
very hard material, such as tungsten carbide, 
and their shape must be helical, i.e., part of a 
circular arc, the ends of which are angularly 
displaced with respect to each other, thus im- 
parting a twist along the arc. This shape has 
proved difficult to form, the usual method being 
to mould the flat piece, which is then twisted 
mechanically under heat. However, limitations 
arise with regard to the angle of twist which can 
be imparted, and to the possible loss of mech- 
anical properties of the blade tip as a result of 
heat treatment. According to the new tech- 
nique, a part of helical shape is produced by 
compacting a powdered material in a mould 
containing a cylindrical cavity with inserts 
having opposed complementary helical surfaces, 
which delimit a space in which the powder to 
be compacted is introduced and in which it is 
confined. The opposed helical surfaces are then 
caused to approach one another and compress 
the powder by relative movement of the inserts 
in the cylindrical cavity. The inserts may be 
moved axially in the cavity by applying pressure 
from opposite ends of the cavity or by pro- 
viding one or both inserts with a cam surface, 
engaged by a plunger entering a bore provided 
in the mould. It is considered preferable, how- 
ever, to cause the inserts to rotate in opposite 
directions in the cavity, so that the opposed 
helical surfaces approach one another with a 
screwing action. The rotary motion may be 
produced by entering plungers into bores pro- 
vided at diametrically opposite positions with 
respect to the cylindrical cavity and terminating 
tangentially at the periphery of the cavity. The 
inserts are provided with slots or ledges which 
are engaged by the plungers, so that the inserts 
are prevented from moving axially and can only 
rotate. 
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The “Ballizing’”’ Hole-Finishing Process 


(From Machine Design, U.S.A., Vol. 30, No. 23, November 13, 1958, pp. 137-140, 5 illustrations.) 


OFFERING unusual possibilities for close control of finish 
and diametral tolerances, * ballizing”’ is a modernized 
version of an old process ; indeed, some possibilities of 
the method were known and used more than fifty years 
ago. Unfortunately, the limited range of precision steel- 
ball sizes then available kept the process from being more 
than an interesting curiosity. 

Essentially, ballizing is a hole-finishing process in 
which an oversize precision ball is forced through an 
undersize hole, the ball usually being from 0-0005 to 
0-002 in. per inch diameter larger than the high limit of 
the hole to be finished. As the ball is forced through the 
hole, the hole wall is expanded. Part of the total expan- 
sion is a function of the elasticity of the wall material. 
After the ball has passed, the wall springs back by a 
lesser amount, since metal is displaced by plastic flow, 
and a portion of the initial wall deflection is permanent. 

Ballizing can also perform mechanical locking of a 
tubular part within a hole, as shown in Fig. 1. For this 
application, the ball forces restricted portions of the 
inside diameter of the tube outwards as the ball passes 
through. This is similar to certain types of press oper- 
ations in which a punch passes through a part to perform 
internal swaging. However, with ballizing, it is not 
necessary to retract the punch from the hole. As a result, 
scratches in the hole are reduced, and tool wear is cut 
drastically, since the punch always works and wears along 
one surface, while a ball will always present new surfaces. 

The radially acting force derived from the interfer- 
ence fit between ball and hole is normally insufficient to 
cause objectionable overall changes in the work-part 
dimensions. However, because this force is concentrated 
along a narrow line contact between the ball and wall 
of the hole, the supporting area is very small, so that the 
unit pressure is very high. Thus, in basic principle, 
ballizing is much like the penetration of a Rockwell 
diamond or the indentation of a Brinell ball. 

Plastic flow does not extend much below the surface. 
Owing to the high concentration of stresses, the pressure 
gradient is very steep and, except for the first few thous- 
andths of an inch in depth, the effect is of relatively small 
magnitude. The base material is distributed very little 
and acts somewhat as a receptive matrix, into which tool 
marks, waviness, and other imperfections are pressed by 
the advancing ball. Thus, in effect, the initial surface 
characteristics are “‘ turned inside out’ and the hole 
assumes much of the inherent smoothness of the ball. 

The result of cold-working is usually highly desirable 
but, in any case, it must be accepted as an unavoidable 
part of the operation. Holes in materials which work- 
harden will have improved wear resistance and generally 
show less tendency to gall. In this respect, ballizing 
differs from other methods of hole sizing and finishing. 

Drilled holes may be ballized to obtain some improve- 
ments in size uniformity. The amount of improvement 
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depends on the amount of variation in the drilled holes. 

If a reamed hole is ballized, there will also be an 
improvement in uniformity. Again, the amount of 
improvement will depend on the amount of variation in 
the reamed condition. The same rule applies to honing 
and all other preparatory methods. Ballizing will always 
improve a hole, but it does not remove all the initial 
defects. By proper selection and size control of the 
machined internal diameter, tolerances of + 0-0002 in. 
in a ballized hole are quite feasible. 

Material hardness, wall thickness, hole size, ductility, 
and like parameters are related in an exceedingly complex 
manner. However, if a hole is not made larger by ballizing 
there will be no improvements. Conversely, distortion, 
cracking, and other detrimental effects usually occur if 
the hole diameter is enlarged too much. 

Since ballizing causes a reduction in the initial defects 
in hole size, it also improves surface finish. However, 
there are several added variables, such as lay, roughness, 
waviness, cuts, torn areas, and other surface conditions. 
Useful reductions in roughness can be obtained by 
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Fig. 1. Three methods of using ballizing to lock a bushing into place 
mechanically. 
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ballizing hardened parts which have been honed or 
lapped. If the or'ginal surface roughness is more than 50 
microinches r.m.s., the roughness is almost certain to be 
superimposed on waviness. After ballizing, the roughness 
may be reduced by a factor of 3, but all the waviness will 
remain. Thus, rough holes when ballized are apt to 
appear smooth and wavy. 

Since a series of preparatory operations must precede 
ballizing, the results obtained will depend on these earlier 
operations, but in any series of operations ballizing must 
be the final one. 

Ballizing can be followed by heat treating, in the same 
way that ground parts can be heat-treated. However, the 
good effects will be degraded in either case. Heat-treated 
parts can be ballized (with a tungsten-carbide ball) but 
the benefits will be practically nil in parts harder than 
Rockwell C 42. Below this recommended maximum, the 
results will be in inverse proportion to hardness. 

Ballizing is being used successfully for holes ranging 
from 0-02 to 5 in. diameter, with hole diameters between 
j; and | in. giving optimum results. Generally, the hole 
length should be between 0-05 and 10 times the hole 
diameter. Uniformity of wall thickness can be an 
important factor, and difficulty may be expected if the 
wall thickness is less than one-tenth of the hole diameter. 
In addition, the wall thickness from one side of the hole 
to the other should not vary more than 2 : 1, nor should it 
vary more than 3 : 1 from the opening to the exit of the 
hole. 

The part material should be ductile and homo- 
geneous, with a minimum of porosity and sponginess. 
Materials with hard spots, as in castings, are frequently 
not suitable for ballizing (although there are examples of 
cast-iron parts being successfully ballized). Equally 
important is the need for minimum variance in hardness 
from piece to piece. With the exception of cast iron and 
other similar materials, the expected surface-roughness 
improvement is 50°, or better. 

Most metals can be ballized, but some lend them- 
selves more readily than others. Materials ideally suit- 
able for ballizing are sintered iron, sintered brass, and 
other powdered materials ; aluminium, brass, and 
bronze ; mild steel and screw stock ; high-carbon and 
alloy steel ; and stainless steel and other nickel-bearing 
alloys. 

The pressure required for pushing a ball through a 
given part varies with the hole length and size, compati- 
bility of ball and part material, interference fit, elastic 
properties of the material, and lubricant used. With 
holes under 3 in. diameter, the maximum pressure re- 
quired should not exceed 2 tons. 

In some instances, plating before ballizing should be 
specified. This provides lubrication for the ball and a 
finer finish of the hole, owing to filling of the minute 
scratches and tears from a drill or reamer operation. Any 
pores in the plating are closed by the ballizing operation. 
When plating is not practical, waxes and sulphurized 
oils can generally be used satisfactorily. 


UsES AND LIMITATIONS OF BALLIZING 


Ballizing can often be used as a satisfactory substitute 
for other operations. Thus, when a conventional pro- 
cess, e.g., grinding, produces a quality in excess of the 
functional requirements of the part, ballizing may 
suffice, and may be much more economical. Ballizing 
may also be used when conventional methods are inferior. 
Some metals (tantalum, for example) are difficult to 
finish by any other means, while cost-reduction require- 
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ments may suggest ballizing to replace another hole- 
finishing process, since costs can be reduced at a minimum 
sacrifice of quality. 

Ballizing may also serve to improve other operations. 
As an example, to meet specifications or for competitive 
reasons, a minor improvement in hole uniformity, surface 
finish, or wear resistance may be required to make parts 
acceptable. The addition of ballizing will be indicated in 
such cases. The cost of both equipment and direct labour 
is highly in favour of ballizing, while scrap losses caused 
by the ballizing operation are substantially zero. 

It should also be noted that ballizing can perform 
operations which cannot be done as well by other means, 
such as staking parts, bushings, or assemblies ; smoothing 
internal surfaces ; removing burrs ; correcting warpage 
or distortion of copper-brazed parts ; removing dents in 
tubing ; and stretching thin-wall tubing to offset mill 
variations. In addition, ballizing can sometimes accomp- 
lish operations which are impossible to perform by other 
means. Such operations include internal work-hardening, 
e.g., for rifle barrels ; smoothing honed or lapped sur- 
faces ; equalizing  residual-stress_ differences ; pro- 
ducing graded sizes for selective assembly by use of 
graded ball diameters ; securing better press-fit condi- 
tions by smoothing the bore ; prestressing bores ; pro- 
viding a densified layer for powdered-metal parts ; im- 
proving surface finish after plating and other surface 
treatments ; and finishing a hole deep within parts 
where the required tool overhang prevents securing the 
desired precision by other processes. 

With regard to the limitations of ballizing, it should 
be understood that some holes cannot be finished by 
ballizing, although the process is well worth considering 
in most cases. Bores that are partially interrupted or have 
undercuts may be impractical to ballize, since uniform 
sizing is generally not possible wherever the ball is not 
entirely confined by the internal diameter. Parts with 
cross holes of diameters less than 25°, of the ball dia- 
meter can be ballized if the axis of the cross holes runs 
through the axis of the ballized hole. 

The ball tends to follow the path of the hole and will 
not straighten curved or crooked holes. However, it will 
improve elliptical, tapered, or out-of-round holes to 
some degree, although it will never bring them to com- 
plete perfection. 


Investigation by means of Models 
into the Scavenging of Two-stroke 


Internal Combustion Engines 
(Concluded from page 522) 


points it oscillated, owing to instability phenomena, with 
sudden periodic changes in the direction of the strips of 
brief duration. In spite of the large plenum chamber and 
the rotary compressor used, the strips also tended to 
flutter about their mean positions. 

Vortex regions, with separation of the flow from the 
walls, were clearly indicated by closed lines of flow (Fig. 
4) and by corresponding negative-pressure regions (Fig. 
5). Ascending and descending lines of current were also 
identified for the various cross-sections. The compres- 
sion region at the top of the cylinder space (Fig. 5) is a 
dynamic effect due to stagnation of the flow ; there is 
another compression region, with comparatively lower 
values, immediately above the piston, and this is due to 
the impact of the inlet flow moving upwards and the 
downward flow towards the outlets. 
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Investigation into Slag Welding with Plate Electrodes 


By B. A. Kocu. (From Svarochnoye Proizvodstvo, No. 11, November 1958, pp. 3-7, 12 illustrations.) 


ALTHOUGH slag welding with plate electrodes has been 
widely used in Russia, the technology of the process has 
not been adequately studied. This article describes the 
results of an investigation into the relationships between 
the various parameters of welding conditions and of the 
effects of variations on the stability and efficiency of the 
process and the shape and size of the weld. 

Welding conditions with plate electrodes are affected 
by a large number of variables, some of which can be 
selected and altered at will, while others, e.g., welding 
current /,, and welding speed V,,, cannot. 
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Fig. 1. Schematic diagram of slag welding with plate electrodes. 


(1) component ; (2) plate electrodes ; (3) slag bath; 
(4) molten pool ; (5) weld ; (6) copper mould. 

The independent variables include electrode feed rate 
V.,, depth of slag bath A,,, voltage drop across the slag 
bath U,,, joint gap A, electrode thickness S, and electrode 
width B. In practice, the gap a between adjacent electrodes 
is made as small as possible (10 to 14 mm), and the elec- 
trodes are arranged so that the outer edges of the end 
electrodes are more or less level with the outer faces of the 
joint, as shown in Fig. 1. This creates favourable condi- 
tions for uniform penetration and good external weld 
shape. Thus, the electrode width B cannot be selected 
entirely arbitrarily but depends on the joint width d and 
number of electrodes in use. 
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Fig. 2. Effect of variations in =” bath ~~ hs: on weld area, with 
a voltage drop Us: of 31 V. 


a) § 16mm; A 40 mm ; Y,; 4:2 m/hr. 
(2) S§ 16mm; A 40 mm ; Ver 2-6 m/hr. 
G) §S i2mm; A 30 mm ; Va 1-7 m/hr. 
(4) S§ 8mm; A 20 mm ; Ve 1-7 m/hr. 
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In this investigation, the values of the independent 
variables were varied between the following limits :— 
hy = 30to80 mm; V,, 0:5 to 4-2m/hr; A = 20to 
40mm ; S = 8to20mm; U,, = 30to 50 V, and B = 90 
to 200 mm. 

The work was carried out on steel plates, 100 mm 
thick, 750 mm high, and at least 900 mm long. Welding 
(along the height of the plates) was carried out with a 
single electrode, using a suitable flux, a weld length of 
200 mm being produced at each setting. A transverse 
macrosection, from which the weld area was determined, 
was cut from the upper portion of the plates and was used 
to determine the mean penetration. The weld was backed 
by fixed water-cooled copper moulds. 


EXPERIMENTAL RESULTS 


Variation in slag-bath depth A,, has a major effect on 
the weld area (depth of penetration) and on the stability 
of the process, but does not greatly influence welding cur- 
rent. When welding with low electrode feed rates V,,, the 
weld area increases gradually with decreasing slag-bath 
depth (owing to the increasing concentration of the 
heat source), whilst extreme reduction in slag-bath depth 
does not upset stability. 

At high electrode feed rates V,,, when the slag-bath 
depth /A,, is reduced the weld area increases only to a 
certain limit, after which it starts to fall, as shown in Fig.2. 
In this case extreme reduction in the value of /,, destroys 
stability. This type of relationship between weld area and 
slag-bath depth can be explained as follows :—At very 
high feed rates the metal melted from the electrode is 
transferred to the molten pool not uniformly over the 
electrode width, but near the mid-line, in the deepest part 
of the pool, forming large drops or even a continuous 
stream of molten metal. As a result, and also because of 
the increased distance between the electrode and the 
surface of the molten pool, the electrode metal is only 
heated slightly above melting point and cools the molten 
pool (a subsidiary heat source influencing penetration). 
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Fig. 3. Graph for selection of optimum slag-bath depth /Azs:. 

For practical purposes, the optimum slag-bath depth 
is clearly that which gives maximum penetration, since 
variations within certain limits about this value will not 
upset stability, so that the risk of weld defects is reduced 
and optimum efficiency is ensured. The optimum slag- 
bath depth can be selected with sufficient accuracy for 
practical purposes as a function of the electrode current 
density i,, per unit width (irrespective of other variables) 
from the graph in Fig. 3. The remaining variables were 
studied at the optimum slag-bath depth, selected in ac- 
cordance with Fig. 3. Variations from this value of up to 

3 mm take place during welding. 

Variations in electrode feed rate V,;, joint gap A, and 
electrode thickness S have major effects on current density 
i, per unit width (Fig. 4). However, the value of i,, is 
mainly determined by the approach speed V,,, between 
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Fig. 4. Relationship between electrode feed rate V.:, electrode thickness 
S, joint gap A, and current density i per unit width, with a voltage drop 
Us of 31 Vz. . 
Hatched areas :—Penetration between 10 and 15 mm. 
Cross-hatched areas :—Penetration between 3 and 10 mm. 


the electrode and the slag-bath, i.e., by the sum of the 
welding speed and the electrode feed rate V,;. It can easily 
be shown that, with sufficient accuracy, the approach 
speed V,,», can be obtained from the relation. 
Vapp , Ver (1 + S/A) 

since the volume of electrode melted must equal the 
volume of the original gap. This relation gives a clear 
picture of the effects of varying values of V,;, S, and A on 
Vapp and thus on specific current density / per unit area 
of the electrode (Fig. 5). 
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Fig. 5. Relationship between specific current density i per unit area of 
electrode, approach speed Vap», electrode thickness S and joint gap A, 
with a voltage drop Us; of 31 V. 
(i) §s 8 mm; A 20 to 30 mm. 
(2) S$ 12 to 20 mm; A 30 mm 
G3) S$ 12 to 20 mm; A 40 mm. 


When V,, is increased, starting from low values, the 
depth of penetration increases rapidly at first, but 
reaches a maximum which then remains practically 
constant for further increases in V,;. The absolute value 
of this maximum varied within narrow limits for the 
range of electrode thicknesses and joint gaps investigated, 
(i.e., 10 to 15 mm for a voltage drop U,, of 31 V). 
The range of rapid increase in penetration and that of 
constant penetration are indicated by the shaded areas in 
Fig. 4. 

The weld area is influenced similarly by V,,, S, and A, 
but the effect of the latter is less pronounced. Variations 
in V,,;, S, and A also influence stability. The process is 
stable for values of A of 20 mm and over, if the V,,; and S 
settings are high enough. A marked reduction in V,, and 
S leads to loss of stability. Variation in voltage U,; 
markedly influences weld area, current density, and 
stability. 

The magnitude and nature of the effect of U,; on the 
welding current depends on the electrode thickness S$ 
and feed rate V,; (or, more accurately, the approach 
speed V,y»), aS Shown in Fig. 6. 
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Fig. 6. Effect of voltage drop U.: on specific current density i per unit 
area of electrode. 


Cl) Ve 10m/hr; S 8mm; A 25 mm. 
(2) Vet 10m/hr; S I2mm; A 25 mm. 
G) Vea 1-7 m/hr; S i2mm; A 25 mm. 
(4) Ve 26m/hr; S$ 8mm; A 25 mm. 
(5S) Ve 42m/hr; S 8mm; A 25 mm 
(6) Ver 26m/hr; S$ i2mm; A 25 mm. 
7) Ve 1O0m/hr; S$ 20mm; A 32 mm. 
(8) Ve 42 m/hr; S$ i2mm; A 25 mm. 
(9) Ve 1-7 m/hr; S$ 20mm; A 32 mm. 


The loss of stability due to excessive increase in U,,; is 
similar to that experienced when V,, and S are decreased 
too much, and is shown by sharp fluctuations in welding 
current. Instability is associated with periodic electrode 
burn-off, the apparent cause of which is that burn-off rate 
exceeds the approach speed. The electrode and slag bath 
consequently lose contact periodically, with a sudden 
drop in current ; the electrode then plunges into the 
cooling slag and current suddenly rises again. Stability 
can be restored either by reducing the burn-off rate (by 
reducing the value of U,,) or by increasing the approach 
speed or electrode thickness. 

Thus, there is apparently some relationship between 
voltage drop, electrode thickness, and approach speed 
which can be expressed as a certain critical voltage, 
above which stability is impaired. However, it was not 
possible to find this relationship accurately. At very low 
feed rates and with thin electrodes, the voltage drop must 
be increased with caution, since an increase can lead to 
instability and the formation of defects. 
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Relationship between specific energy consumption and electrode 
feed rate V.:, with a voltage drop Us: o v 


Tests were also made to find the magnitude of the 
effect of electrode width B on penetration. It was found 
that an increase in electrode width B has an adverse effect 
on the uniformity of penetration over the joint thickness. 
With multi-electrode welding, the depth of penetration 
opposite the mid-line of each electrode increases with 
increasing electrode width, simultaneously decreasing at 
the edges, so that the average remains roughly the same. 
To obtain uniform penetration, the width B of each 
electrode should not exceed 90 to 110 mm. Limiting the 
electrode width, however, is not a sufficient guarantee ; 
it is also necessary to alternate the phases, i.e., no two 
adjacent electrodes connected to the same phase. 

Fig. 7 shows the efficiency of the process in terms of 
the specific energy consumption per unit weight of 
electrode melted, and represents an average obtained 
from tests with various values of electrode thickness S 


THE ENGINEERS’ DIGEST 








Almm 


25 


20 






0 
Ves,m/ hr 


30+— 
Usi Fez ce 
40 S=16 


Fig. 8. Graph for selection of welding settings. 
from 8 to 20 mm and values of joint gap A from 25 to 
40 mm. As can be seen, the specific energy consumption 
decreases with increasing electrode feed rate V,,. 


PRACTICAL RECOMMENDATIONS FOR WELDING SETTINGS 


The welding setting must ensure suitable penetration, 
stable conditions, and a weld free from internal defects. 


Local variations in penetration can reach quite high pro- 
portions, owing to inaccurate electrode positioning, poor 
edge preparation, etc. The setting selected must therefore 
ensure a sufficient average penetration to allow for these 
variations, a value of 10 to 15 mm being quite adequate. 

Weld-cracking depends not only on welding condi- 
tions but also on weld composition ; in other words, the 
setting must be suitably selected with regard to the com- 
position of the parent plate and filler metal used. As in 
welding with wire electrodes, an increase in feed rate 
increases the hot-cracking tendency of the weld. 

Fig. 8 summarizes the settings satisfying welding 
conditions. The gap width A can be taken as the electrode 
thickness S plus 14 mm, with a minimum value of 25 mm. 
The welding setting is arrived at as follows :— 

(1) Determine the number of electrodes required 
(each with a maximum width B of 110 mm). 
Find the values of electrode thickness S, electrode 
feed rate V,,, voltage drop U,, across the slag bath, 
and current density i, per unit width from Fig. 8, 
the limiting factor being the current available per 
phase. 

Determine the gap width A (ie., S 

already mentioned. ‘ 

(4) Calculate the slag-bath depth h,; from Fig. 3. 

(5) Establish the length of electrode required to fill 
the joint. 
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Experience with Vibratory Polishing 


By E. L. Lone and R. J. Gray. 


VIBRATORY polishing, introduced only two years ago, has 
the advantage that it enables several samples to be pol- 
ished simultaneously and eliminates a considerable 
amount of manual work. Thus, the method is ideally 
suitable for laboratories processing large numbers of 
samples. 

For the investigation described in this article, a small 
vibratory lap-polishing machine was first used, and 
various abrasives, cloths, speeds, weights, and samples 
were tried out on the 5-in. diameter bowl of the machine. 
The results were most encouraging, but two disadvan- 
tages were noted, i.e., the polishing speed was too slow, 
and the polishing bowl was too small. As a result, three 
larger vibratory-polishing machines with 12-in. diameter 
bowls were obtained. As received, the bowls were secured 
to the polishing unit, and the machines were adapted to 
the use of quick-change bowls to facilitate cleaning and 
to permit a supply of bowls containing various abrasives 
to be kept readily available. With these machines, 24 
specimens could be polished simultaneously at speeds up 
to six times higher than those possible with the original 
smaller machine. 

As shown in Fig. 1, the vibratory polisher comprises 
a base-power unit, housing a spring and magnet assembly, 
and a flat-bottomed bowl containing the selected polish- 
ing cloth or abrasive paper. Attached to the armature of 
the electromagnet is a bowl-mounting plate. Directly 
under and facing the armature is the coil and core as- 
sembly, which is anchored to a large heavy base casting. 
The bowl-mounting plate is supported by four leaf springs 
spaced 90 deg. apart and at an angle of 65 deg. to the base 
casting. 
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(From Metal Progress, Vol. 74, No. 4, October 1958, pp. 145-148, 5 illustrations.) 


When the coil is energized, the armature, bowl- 
mounting plate, and bowl are sharply pulled down and 
away from the specimen. The vector diagram in Fig. 1 
shows the direction of bowl movement. Because of the 
angular leaf-spring arrangement, a slight radial twist is 
imparted to the bowl with the downward movement. The 
inertia of the specimen keeps it from moving with the 
bowl, and the specimen then drops vertically to a new 
spot on the polishing cloth slightly forward of the initial 
position. 
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Fig. 1. Schematic layout of the vibratory polisher. 
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When the coil is de-energized, the springs return the 
bowl to its original position, thus advancing the speci- 
men. This occurs 60 times per second. However, for any 
polishing action, the specimen should be heavy enough 
so that slippage between the specimen and the cloth 
occurs during the spring-back cycle. An optimum weight 
must be used to ensure that the most polishing occurs 
with the least directional polishing. Directional polishing 
is prevented by allowing the specimen to travel enough to 
permit rotation during polishing. 

The key to vibratory polishing lies in a set-up properly 
designed to assure a tuned spring system. Specifically, 
the tuned system should be from 3 to 5 cps higher than 
the frequency of the supply current. The selection of such 
a frequency range eliminates harmonic motion and en- 
sures stability of the polisher. 

The polishers are powered by a 60-cps current passed 
through a half-wave selenium rectifier. This cuts out half 
the sine wave, and the current flows in one direction only. 
Thus, the coil of the electromagnet is energized once per 
cycle. The specimen moves approximately 0-030 in. per 
cycle, but at this frequency the displacement cannot be 
seen. Instead, the specimens appear to flow smoothly 
around the periphery of the bowl. While the frequency is 
constant, the amplitude can be varied by control of the 
power input, thereby varying the polishing speed. 

The work has included samples ranging in hardness 
from gold to boron carbide and in size from wires 0-019 
in. in diameter to specimens 2 in. in diameter. Two types 
of cloths are employed, i.e., a good grade of silk (held to 
the bowl by a steel band), and a stiff deep-nap cloth 
(glued in place). 

Most specimens processed are mounted in 1|}-in. dia- 
meter mounts. Since it has proved uneconomical to lap 
the specimens on the vibratory polishers, they are hand- 
ground with suitable abrasive papers. Some specimens 
are still carried through the lead laps ; however, the use 
of these laps has dropped considerably since the introduc- 
tion of the vibratory polishers. It has been found that an 
additional weight in the form of a stainless-steel cap must 
be placed on the specimen before polishing. From ex- 
perience, the optimum weight for a variety of samples 
seems to be approximately 350 grams. The specimens 
are then ready for the polishers. 
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Fig. 2. Electron photomicrograph showing fine pearlite. Etched in 
HCl gas dissolved in ethyl alcohol and 5°, trichloracetic acid. 
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ey . . 
Fig. 3. Electron photomicrograph of a particle of europium oxide in a 
Stainless-steel matrix. ( 400) 

Two variables affect the polishing speed, these being 
the weight on the specimen and the amplitude of vibra- 
tion. When a constant weight is used on the specimen, all 
variables except amplitude are eliminated. The rheostat 
setting is rather critical ; if too low, slow directional 
polishing occurs, and, if too high, the specimens will 
bounce, and little or no polishing will result. It is better 
to begin with a high rheostat setting and gradually reduce 
the speed. When the correct polishing speed has been 
attained, the specimens will not bounce. Instead, they 
will flow smoothly around the periphery of the polishing 
bowl counterclockwise while turning slowly with a clock- 
wise motion. The polishing operation is a three-stage 
sequence. The average specimen requires a polishing 
time of 15 to 30 min in the silk bowl with a 0-3-micron 
alumina slurry, then 15 to 20 min in a bowl containing a 
deep-nap cloth charged with a 0-3-micron alumina slurry. 
A final polish of 20 to 25 min is given in a third bowl with 
a deep-nap cloth charged with a 0-l-micron alumina 
slurry. 

APPLICATIONS OF VIBRATORY POLISHING 

Many different specimens have been studied on this 
equipment. For example, to test the method for direct- 
tional polishing and smearing, a plain carbon-steel sample 
was used. This particular specimen had been isothermally 
transformed from austenite at 1100°F for 1-6 sec and 
quenched. Small pearlite colonies with extremely fine 
lamellar spacings resulted. Because the pearlite was much 
too fine to resolve under the optical microscope, a palla- 
dium-preshadowed carbon replica of the sample was 
made and examined with the electron microscope for 
defects in the structure which could have occurred during 
polishing. A typical area is shown in Fig. 2 ; no polishing 
defects were observed, except for an occasional small 
scratch. 

Another specimen was a nickel-molybdenum alloy, 
electroplated with nickel and then silver, and then brazed 
with a commercial silver-copper alloy. This specimen has 
been polished to a scratch-free condition, yet there is no 
detectable relief-polishing between any of the consti- 
tuents (though there are considerable differences in hard- 
ness), or any excessive rounding of the void edges. 

Extreme care in polishing was also needed on another 
occasion. Electron microscopy was essential to determine 
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whether any reaction had occurred at the interface of a 
europium oxide particle surrounded by stainless steel. 
The sample, shown in Fig. 3, is in an as-polished condi- 
tion with the reaction layer clearly seen surrounding the 
europium oxide particle. It was later proved that silicon 
in the steel was responsible for this layer. 
CONCLUSIONS 

During the 14-month test period in which samples of 
practically every description were tried out on the vibra- 
tory-polishing machines, many advantages have ap- 
peared. For example, in contrast with automatic polish- 


ers, vibratory polishing is a continuous process and not a 
batch process, and no minimum number of specimens is 
required ; in fact, up to 24 specimens can be polished 
simultaneously. Furthermore, to check the operation, 
one specimen can be removed from the bowl and exa- 
mined without interrupting the remainder of the speci- 
mens. 

With conventional hand-polishing techniques, the 
metallographer devotes all his time to polishing opera- 
tions. However, with vibratory polishing, he is free for 
other duties while the specimen is being polished. Also, 

(Concluded on page 528) 
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The Effects of Operating Variables on the 
Life of Abrasive Belts 


By J. M. PitpLapo. (From The Tool Engineer, Vol. 41, No. 4, October 1958, pp. 113-117, 7 illustrations.) 


ABRASIVE-BELT machining is characterized by high stock- 
removal rates, generating excellent surface finishes, and 
numerous applications have been developed over the 
past few years. Thus, for example, in one centreless 
grinding machine using coated abrasive belts, final 
dimensions and finishes are achieved in one pass at a feed 
rate of 1000 fph. The high speed of operation is due to 
the ability of coated abrasive belts to remove stock 
without excessive heating. Similarly, wide abrasive belts 
can remove stock from the full width of a large workpiece 
without the need for a massive and complex support 
mechanism. Belts up to 100 in. wide are used for such 
operations. 


BELT WEAR 


In order to obtain full efficiency from abrasive belts, 
it is important to consider operating variables carefully 
in terms of both rate of cutting and belt life. Two mech- 
anisms by which abrasive grains wear down are fracturing 
and attrition. Much of the wear due to mechanical 
fracturing takes place within seconds after the belt has 
been applied to a workpiece. 

During belt operation, the small cutting points of 
abrasive are heated by friction to temperatures approach- 
ing the melting point of the material they are cutting. 
The heating takes place in a very short time because of the 
surface speed of the abrasive belt and the short path of 
the mineral grain through the work. The rate of cooling 
to ambient temperature is nearly as rapid. Thermal 
gradients within the grains are high and can result in 
progressive small fractures. Aluminium oxide is more 
subject to thermal fracturing than silicon carbide because 
of a lower thermal conductivity and a higher coefficient 
of thermal expansion. Fracturing does not have a direct 
or marked effect on the rate of cut, since it leaves sharp 
edges on the mineral grains. 

Attritional wear may be due to chemical or physico- 
chemical breakdown of the grain at the point of contact 
with the work. This breakdown may be in the form of 
melting or other phase changes, chemical decomposition, 
or oxidation. Attrition may also be caused by loss of 
microscopic fragments which weld to the work. Seizure is 
promoted by chemical bonds formed between the work 
material and the abrasive mineral. 

Each of these attritional wear processes results in loss 
of sharp edges and points of the abrasive. Such attrition 
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is particularly noticeable in silicon carbide when cutting 
steel. There is reason to suspect that attritional wear 
slows down, once a polished flat of fairly small area has 
been established on the abrasive grain. As the flat area 
increases, the unit pressure decreases, and heat is not so 
readily dispersed. 

** Shelling ” is a wear process in which mineral grains 
are lost from the abrasive belt, and is caused by the in- 
ability of the bonding agent to retain the grains. This 
type of wear indicates that the wrong type of belt is being 
used, the work pressure is too high, or the back-up is not 
resilient enough. 

Filling, a process in which residue from the workpiece 
builds up between mineral grains, is not a major problem 
when belt-grinding hard metals. It does occur occasion- 
ally with soft, ductile metals, but usually not until after 
long belt service. 


LoaD 


Load is the force normal to the abrasive surface press- 
ing the work against the belt. Since the rate of cut is, 
within limits, directly proportional to the load, it is im- 
portant to use high loads in stock-removal operations. 
Hence, heavy-duty belts are frequently the most economi- 
cal in terms of grinding cost per part. 


SPEED 


Speed is the velocity of the cutting particles relative 
to the work. The instantaneous rate of cut is propor- 
tional to speed, again within limits. The rate of wear on 
the mineral grains is proportional to some power of the 
speed greater than unity. At some high speed the dele- 
terious effect on the wear rate becomes dominant over the 
beneficial effect on the insiantaneous rate of cut. This 
limiting speed is fairly low for metals such as titanium or 
zirconium, which become highly reactive at elevated tem- 
peratures, and for grey cast iron. Fig. 1 shows cutting 
rate as a function of grinding time at various belt speeds 
for grey cast iron, using abrasive belts of 60-grit alumin- 
ium oxide at constant load and air lubrication. Fig. 2 
shows the equivalent curves for a titanium alloy, using 
abrasive belts of 60-grit silicon carbide at constant load, 
and lubrication by a tripotassium phosphate solution. 

Speed must be restricted when, as in titanium grind- 
ing, a lubricant is used to reduce the rate of wear on the 
abrasive. Every externally applied lubricant requires 
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Fig. 1. Cutting rate as a function of grinding time at various belt 
speeds for grey cast iron. 


somé small amount of time to film over the surface being 
cut, thereby limiting belt speed. On the other hand, the 
effectiveness of even viscous lubricants appears to be in- 
creased by the use of high speeds. Since high cutting 
speeds frequently give improved surface finish, they are 
favoured for polishing operations. 


BACK-UPS *D SUPPORTS 

Many mechanical devices are employed for backing 
up coated abrasive belts, including rigid metal platens or 
rollers, and flexible contact wheels made of metal or cloth. 
In general, resilient back-up materials are useful in high- 
pressure work to prevent shelling, for producing finer 
finishes, or to enable the belt to conform to a contour. 
For increased stock removal, harder, smaller-diameter 
and serrated contact wheels are used. Fig. 3 shows cutting 
rate as a function of grinding time for various contact- 
wheel durometer hardnesses in the case of a cold-rolled 
steel, air-lubricated, and using belts of 60-grit aluminium 
oxide at a constant load. 

For operations where close control of the dimension 
or flatness of a ground surface must be maintained, a 
back-up plate or wheel having virtually no resilience is 
used. I1 many operations, a combination of features is 
sought and a compromise must be found. For example, 
a serrated rubber contact wheel, 14 in. in diameter, with 
an 80 to 90 durometer hardness, is a good compromise 
for aggressive stock removal at heavy pressures, allowing 
good dimensional control and fair finishes. 


LUBRICATION 

The use of lubricants in grinding is very important in 
achieving fine finish, for cooling the work, for reducing 
the rate of mineral attrition, and, in some instances, for 
reducing abrasive filling. 

When cutting titanium, a suitable lubricant will im- 
prove the performance of the belt fifty times, compared 
with operation under non-lubricated conditions. In the 
case of a nickel-base super-alloy, performance was im- 
proved ten times with a good lubricant. These improve- 
ments appear to be due to a film of lubricant between the 
mineral and the metal, which inhibits or slows down the 
attrition of the sharp cutting points. 

Much grinding of ferrous metals is carried out dry 
with aluminium oxide abrasives. A good grinding lubri- 
cant (atmospheric oxygen) is actually present in this sys- 
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Fig. 2. Cutting rate as a function of grinding time at various belt 
speeds for a titanium alloy. 
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Fig. 3. Cutting rate as a function of grinding time with various contact- 

wheel durometer hardnesses for a cold-rolled steel. 
tem. Laboratory studies disclose that, when air is dis- 
placed by pure nitrogen or carbon dioxide or some other 
inert gas, the rate of cut of steel drops off greatly. Finding 
a lubricant for steel that will improve abrasive perfor- 
mance involves not only finding a good lubricant, but 
finding one that is better than oxygen. For this reason 
large improvements over dry grinding performance are 
not the rule with ferrous alloys. Grey iron differs from 
steel in many respects, though not in this one. It is 
difficult to improve dry stock-removal performance with 
cast iron by using any lubricant. 

Silicon carbide abrasives give higher performance on 
grey cast iron than they do on steel. This has been attri- 
buted to silicon and carbon contents. Since these consti- 
tuents are closer to saturation in cast iron than they are 
in steel, the cast-iron/silicon carbide combination is less 
reactive. The “internal” lubrication of grey iron by 
graphite is also considered to be an important factor. 


CONCLUSION 


Optimum belt performance can be achieved only by a 
knowledge of both the potentials and limitations of coated 
abrasives. Mechanically severe operations give desirable 
rates of cut and adaptability to special requirements, but 
may require careful specification of belt back-up (contact 
wheel of platen) and construction for optimum econo- 
mics. Careful consideration of lubricants, minerals, belt 
speed, etc., point the way to better belt life. 
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Investigation by means of Models into the Scavenging of 


Two-Stroke Internal Combustion Engines 
By A. Ferro. (From I/ Calore, Vol. 29, No. 8, 1958, pp. 365-379, 8 illustrations.) 


Goop scavenging, essential for the satisfactory perfor- 
mance of two-stroke internal combustion engines, is one 
of the main requirements of the flow process and also has 
effects on the development of combustion. Two extreme 
types of scavenging can be considered, i.e., (1) ** expul- 
sion ” or “ stratified * scavenging, in which the scavenge- 
air front expels the burnt gases of the previous cycle 
without mixing them, and (2) “ diffusion”’’ or * dilu- 
tion’ scavenging, in which the combustion products 
mix intimately with the scavenge air while being elimi- 
nated from the cylinder. Expulsion is, of course, incom- 
plete, but always results in a fairly ample dilution of the 
combustion products. The real scavenging processes 
occur in some way between these two extremes and are 
designated according to the pattern of the flow in the 
cylinder (uniflow scavenging, cross-scavenging, and 
loop-scavenging). 

The flow conditions during scavenging are assessed 
from various points of view, considering such factors as 
charging efficiency (i.e., volumetric efficiency), the power 
absorbed by the scavenge blower for various pressures 
and quantities of air used, the quantity of air passing 
through the exhaust ports, and, for two-stroke carburet- 
tor engines, the loss of combustible fuel-air mixture 
through the exhaust ports. 

The study of scavenging can be developed mathe- 
matically, but further knowledge can be obtained experi- 
mentally, particularly by means of models which make 
the flow pattern visible. Tests on engines actually in 
operation present very real difficulties in the visualization 
of the flow pattern, and their results are complicated by 
uncertain factors. However, models made of wood and 
glass or perspex are fairly easy to construct ; moreover, 
because the experiments are made in the absence of com- 
bustion, the effects of heat transmission between the gas 
and the scavenge air are eliminated. 


SIMPLIFIED MODELS 


Models can be made with a shape similar to that of 
the engine cylinder, either in three dimensions, or they 
can represent two-dimensional flow only. Two-dimen- 
sional models are adequate when the scavenge-air ports 
and the exhaust ports are situated approximately in a 
plane passing through the axis of the cylinder. 

Similarity considerations are important, but it is 
usually sufficient to ensure that the flow through the 
model and that through the actual engine cylinder have 
approximately the same Reynolds number. The effective- 
ness of the scavenge process depends very considerably 
on the position of the ports. The scavenge pressure, the 
stroke-to-bore ratio, and the height of the ports seem to 
have a much more moderate influence, while negligible 
influence is attributed to piston shape (unless a deflector- 
type piston is used), cylinder-head shape, and the port- 
opening curve (because of the ratio of crank radius to 
connecting-rod length). 

Tests can be made either with variable flow condi- 
tions, i.e., with a moving piston, involving considerable 
difficulties in measurement, owing t o turbulence, etc., or 
else with a stationary pistcn under steady flow condi- 
tions, the piston position in the latter case being varied 
for each stage of the tests. It has been proved experi- 
mentally that the steady flow ob tained after allcwing for 
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the passage of the initial transient represents fairly well 
the corresponding phase of a non-steady, i.e., variable, 
flow, and that most of the results are valid. 

Visible flow patterns can be obtained in static models 
by mixing small feathers or powders of magnesium oxide 
or cork with the air, or else by placing small indicator 
* flags’ or strips of silk or wool inside the cylinder, 
using suitable fixing arrangements. In moving models, 
good results are obtainable by introducing a cellulose 
paste into the flow, or a mist of ammonium chloride, 
with stroboscopic illumination. The charging or filling 
ratio can be determined directly by filling the cylinder 
with carbon dioxide before effecting scavenging and then 
measuring with absorption-type equipment the resi- 
dual quantity of carbon dioxide after the scavenge pro- 
cess. These measurements can also be made on a running 
engine by taking samples of the combustion gases, but 
with much more difficulty. 
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Fig. 1. Sectional views of the engine cylinder from which model No." 1 
was constructed. 


Two models of engine cylinders have recently been 
made and have been tested by the author, one being 25°, 
larger than the actual cylinder and the other half full size. 
The directions of flow were indicated by means of strips 
of wool, and tests were made with various fixed positions 
of the pistons. In the scavenging systems investigated, 
the exhaust ports were situated in planes nearly perpen- 
dicular to those of the inlet ports, so that three-dimen- 
sional models were required. These raise appreciably 
more difficulties than two-dimensional models. 
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Fig. 1. Cutting rate as a function of grinding time at various belt 
speeds for grey cast iron. 
somé small amount of time to film over the surface being 
cut, thereby limiting belt speed. On the other hand, the 
effectiveness of even viscous lubricants appears to be in- 
creased by the use of high speeds. Since high cutting 
speeds frequently give improved surface finish, they are 
favoured for polishing operations. 




















BACK-UPS AND SUPPORTS 

Many mechanical devices are employed for backing 
up coated abrasive belts, including rigid metal platens or 
rollers, and flexible contact wheels made of metal or cloth. 
In general, resilient back-up materials are useful in high- 
pressure work to prevent shelling, for producing finer 
finishes, or to enable the belt to conform to a contour. 
For increased stock removal, harder, smaller-diameter 
and serrated contact wheels are used. Fig. 3 shows cutting 
rate as a function of grinding time for various contact- 
wheel durometer hardnesses in the case of a cold-rolled 
steel, air-lubricated, and using belts of 60-grit aluminium 
oxide at a constant load. 

For operations where close control of the dimension 
or flatness of a ground surface must be maintained, a 
back-up plate or wheel having virtually no resilience is 
used. I1 many operations, a combination of features is 
sought and a compromise must be found. For example, 
a serrated rubber contact wheel, 14 in. in diameter, with 
an 80 to 90 durometer hardness, is a good compromise 
for aggressive stock removal at heavy pressures, allowing 
good dimensional control and fair finishes. 


LUBRICATION 


The use of lubricants in grinding is very important in 
achieving fine finish, for cooling the work, for reducing 
the rate of mineral attrition, and, in some instances, for 
reducing abrasive filling. 

When cutting titanium, a suitable lubricant will im- 
prove the performance of the belt fifty times, compared 
with operation under non-lubricated conditions. In the 
case of a nickel-base super-alloy, performance was im- 
proved ten times with a good lubricant. These improve- 
ments appear to be due to a film of lubricant between the 
mineral and the metal, which inhibits or slows down the 
attrition of the sharp cutting points. 

Much grinding of ferrous metals is carried out dry 
with aluminium oxide abrasives. A good grinding lubri- 
cant (atmospheric oxygen) is actually present in this sys- 
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Fig. 2. Cutting rate as a function of grinding time at various belt 
speeds for a titanium alloy. 
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tem. Laboratory studies disclose that, when air is dis- 
placed by pure nitrogen or carbon dioxide or some other 
inert gas, the rate of cut of steel drops off greatly. Finding 
a lubricant for steel that will improve abrasive perfor- 
mance involves not only finding a good lubricant, but 
finding one that is better than oxygen. For this reason 
large improvements over dry grinding performance are 
not the rule with ferrous alloys. Grey iron differs from 
steel in many respects, though not in this one. It is 
difficult to improve dry stock-removal performance with 
cast iron by using any lubricant. 

Silicon carbide abrasives give higher performance on 
grey cast iron than they do on steel. This has been attri- 
buted to silicon and carbon contents. Since these consti- 
tuents are closer to saturation in cast iron than they are 
in steel, the cast-iron/silicon carbide combination is less 
reactive. The “internal” lubrication of grey iron by 
graphite is also considered to be an important factor. 


CONCLUSION 


Optimum belt performance can be achieved only by a 
knowledge of both the potentials and limitations of coated 
abrasives. Mechanically severe operations give desirable 
rates of cut and adaptability to special requirements, but 
may require careful specification of belt back-up (contact 
wheel of platen) and construction for optimum econo- 
mics. Careful consideration of lubricants, minerals, belt 
speed, etc., point the way to better belt life. 
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Goop scavenging, essential for the satisfactory perfor- 
mance of two-stroke internal combustion engines, is one 
of the main requirements of the flow process and also has 
effects on the development of combustion. Two extreme 
types of scavenging can be considered, i.e., (1) “* expul- 
sion ” or “ stratified * scavenging, in which the scavenge- 
air front expels the burnt gases of the previous cycle 
without mixing them, and (2) “ diffusion” or “ dilu- 
tion’ scavenging, in which the combustion products 
mix intimately with the scavenge air while being elimi- 
nated from the cylinder. Expulsion is, of course, incom- 
plete, but always results in a fairly ample dilution of the 
combustion products. The real scavenging processes 
occur in some way between these two extremes and are 
designated according to the pattern of the flow in the 
cylinder (uniflow scavenging, cross-scavenging, and 
loop-scavenging). 

The flow conditions during scavenging are assessed 
from various points of view, considering such factors as 
charging efficiency (i.e., volumetric efficiency), the power 
absorbed by the scavenge blower for various pressures 
and quantities of air used, the quantity of air passing 
through the exhaust ports, and, for two-stroke carburet- 
tor engines, the loss of combustible fuel-air mixture 
through the exhaust ports. 

The study of scavenging can be developed mathe- 
matically, but further knowledge can be obtained experi- 
mentally, particularly by means of models which make 
the flow pattern visible. Tests on engines actually in 
Operation present very real difficulties in the visualization 
of the flow pattern, and their results are complicated by 
uncertain factors. However, models made of wood and 
glass or perspex are fairly easy to construct ; moreover, 
because the experiments are made in the absence of com- 
bustion, the effects of heat transmission between the gas 
and the scavenge air are eliminated. 


SIMPLIFIED MODELS 


Models can be made with a shape similar to that of 
the engine cylinder, either in three dimensions, or they 
can represent two-dimensional flow only. Two-dimen- 
sional models are adequate when the scavenge-air ports 
and the exhaust ports are situated approximately in a 
plane passing through the axis of the cylinder. 

Similarity considerations are important, but it is 
usually sufficient to ensure that the flow through the 
model and that through the actual engine cylinder have 
approximately the same Reynolds number. The effective- 
ness of the scavenge process depends very considerably 
on the position of the ports. The scavenge pressure, the 
stroke-to-bore ratio, and the height of the ports seem to 
have a much more moderate influence, while negligible 
influence is attributed to piston shape (unless a deflector- 
type piston is used), cylinder-head shape, and the port- 
opening curve (because of the ratio of crank radius to 
connecting-rod length). 

Tests can be made either with variable flow condi- 
tions, i.e., with a moving piston, involving considerable 
difficulties in measurement, owing t o turbulence, etc., or 
else with a stationary pistcn under steady flow condi- 
tions, the piston position in the latter case being varied 
for each stage of the tests. It has been proved experi- 
mentally that the steady flow ob tained after allcwing for 
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Investigation by means of Models into the Scavenging of 
Two-Stroke Internal Combustion Engines 


By A. Ferro. (From I/ Calore, Vol. 29, No. 8, 1958, pp. 365-379, 8 illustrations.) 





the passage of the initial transient represents fairly well 
the corresponding phase of a non-steady, i.e., variable, 
flow, and that most of the results are valid. 

Visible flow patterns can be obtained in static models 
by mixing small feathers or powders of magnesium oxide 
or cork with the air, or else by placing small indicator 
“flags” or strips of silk or wool inside the cylinder, 
using suitable fixing arrangements. In moving models, 
good results are obtainable by introducing a cellulose 
paste into the flow, or a mist of ammonium chloride, 
with stroboscopic illumination. The charging or filling 
ratio can be determined directly by filling the cylinder 
with carbon dioxide before effecting scavenging and then 
measuring with absorption-type equipment the resi- 
dual quantity of carbon dioxide after the scavenge pro- 
cess. These measurements can also be made on a running 
engine by taking samples of the combustion gases, but 
with much more difficulty. 
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Fig. 1. Sectional views of the engine cylinder from which model No." 1 
was constructed. 


Two models of engine cylinders have recently been 
made and have been tested by the author, one being 25°, 
larger than the actual cylinder and the other half full size. 
The directions of flow were indicated by means of strips 
of wool, and tests were made with various fixed positions 
of the pistons. In the scavenging systems investigated, 
the exhaust ports were situated in planes nearly perpen- 
dicular to those of the inlet ports, so that three-dimen- 
sional models were required. These raise appreciably 
more difficulties than two-dimensional models. 
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Model No. | was constructed to represent an engine 
cylinder and piston of 72-5 x 85 mm bore and stroke, 
with a rating equivalent to about 7 kW at 3800 rpm. The 
actual engine, sections of which are shown in Fig. 1, has 
a Schniirle scavenge system, with compression in the 
crankcase. The crankcase portion of the model was 
made of wood, perspex being used for the cylinder. 

Model No. 2, shown in Fig. 2, represents a system 
including the flanged pipe section connected to the 
scavenge-air manifold and was made entirely of perspex, 
the construction and assembly of the various parts being 
somewhat more difficult. The corresponding engine, 
with a rotary scavenge blower giving a scavenge pressure 
of 1-3 atm abs., has a bore and stroke of 200 x 330 mm, 
and an output equivalent to 45 kW per cylinder at 
500 rpm. 

Difficulties were encountered in the arrangement and 
fixing of the strips for visual indication of flow lines, but 
the problem was finally solved by using thin black strips 
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Fig. 2. Schematic arrangement of model No. 2. 
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of wool, solidly impregnated with glue at one end, so as 
to ensure that they would not be torn to shreds. These 
strips were attached to nylon threads of 0-5 mm diameter, 
mounted parallel with the axis of the piston (Fig. 2) and 
anchored in two groups by an arrangement at the top of 
the model. The threads were arranged in one plane pass- 
ing through the axis of the cylinder, and in a number of 
other planes parallel to the first ; thus, they were distri- 
buted throughout the volume of the cylinder, as closely 
as possible, without letting the strips interfere with each 
other’s movements. The flow was obtained by means of 
a rotary compressor driven by a variable-speed d.c. 
motor, enabling the tests to be carried out over a range of 
velocities and pressures. The piston and the cylinder 
head were displaced manually, in order to study the flow 
for various piston positions and to determine the effect 
of varying the stroke-to-bore ratio. 
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Flow coefficients x, and as as functions.of crank angle > for 
models No. 1 and 2. 

For both models, a plenum chamber of ample capa- 
city was interposed between the blower and the scavenge- 
air inlet ports, so as to damp out sufficiently the pulsa- 
tions in the flow. The testing equipment included a probe 
that could be oriented to measure pressure in various 
directions inside the cylinder, gauges for the indication 
of pressure at the entry of the scavenge-air ports, and a 
diaphragm for measuring the mass-flow rate of the 
scavenge air. 


50 60° 


Fig. 3. 


EXPERIMENTAL RESULTS 


It was decided to determine on both models the values 
of the flow coefficient a, of the scavenge-air ports and of 
the flow coefficient as of. the exhaust ports, and to evalu- 
ate from these the value of the mean inlet-port coefficient 
Qa, Of the engine for the corresponding Reynolds num- 
bers of the actual engines at their normal running speeds 
by adjusting the flow of scavenge air. 

The values of scavenge pressure were therefore some- 
what different from those actually occurring with the 
running engines, since there was no increase in tempera- 
ture or pressure through combustion, and the exhaust 
pressure was equal to atmospheric pressure, with free 
discharge of the exhaust. The small engine at 3800 rpm 
had a scavenge excess-air ratio y, (i.e., the ratio of the 
volume introduced into the cylinder during each cycle to 
the swept volume referred to ambient. conditions) of 0-5 
and a maximum effective scavenge pressure of 0-1 atm at 
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Fig. 4. Flow patterns, based on photo- 
graphic recordings, at various sections in 
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100°C, whereas the model was operated at a scavenge 
temperature of 40°C. — 

The curves for a, and as obtained with model No. 1, 
for each piston position investigated, are reproduced in 
Fig. 3. The mean pressure inside the cylinder was deter- 
mined by exploring the entire field by means of the pres- 
sure probe ; static pressures were easily determined, 
since the direction of flow velocity at every measuring 
point was made visible by the indicator strips. 

It was found that the value of the mean pressure was 
fairly small in comparison with the scavenge-air pressure ; 
its measured value had therefore a negligible effect on 
the determination of a,, whereas it was important for the 
determination of as. 

With a dynamic viscosity of 2°76 10-8 kg-sec/m? 
for the flow through the engine cylinder and of 2 x 10-6 
kg-sec/m? for the model, the weight flow rate through the 
engine being known, it was possible to calculate the 
weight flow rate W through the model for the same Rey- 
nolds number (taking account of temperature effects, 
etc.) ; the result was W = 45 kg/hr. To assess the flow 
under other operating conditions (different values of y, 
and ‘engine speed), tests were also carried out with a 
number of other W-values from 35 to 60 kg/hr ; the in- 
fluence on the values of a, and as was very small. 

Fig. 3 shows that, for model No. 1, as remains prac- 
tically constant as the port opening is reduced (up to 
scavenge-port closing), while az, increases at reduced 
values of port opening. It seems quite probable that, 
whereas the flow coming from the crankcase along a 
direction parallel to the cylinder axis is suddenly deviated 
to a transverse plane at full opening, it is more suitably 
guided at reduced opening, and follows the curved path 
shown as a broken line in Fig. 1. 

For a ratio of crank radius to connecting-rod length 
R./L of 0-265, the calculated value obtained for the dis- 
charge coefficient for the entire scavenge phase was 0-63. 
The calculated value of the mean inlet-port coefficient 
@y, was 0-61, which is close to that of the discharge 
coefficient. 

Similar tests and evaluations were carried out on 
model No. 2, the results also being shown in Fig. 3. The 
effective cross-section of the ports naturally takes account 
of the angle of slope 8 = 27 deg. of the upper portion of 
the ducts. The value of aj, of the engine, with an Rc/L 
ratio of 0-222, was calculated as 0-74. 

The corresponding five-cylinder engine, with a bore 
and stroke of 200 and 330 mm, tested at 500 rpm, with a 
scavenge-air pressure of 1-3 atm abs., an ambient pressure 
of 1-02 atm abs., a scavenge-air temperature of 60°C, and 
an ambient temperature of 15°C, was found to have a 
scavenge excess-air ratio y, of 1-17. This ratio was deter- 
mined from the fuel consumption of 48-48 kg/hr and the 
fresh-air ratio of 3-2 obtained from the stoichiometric 
value of 11-7 m® per kg of fuel and the analysis of the 
combustion gases. The value of the mean inlet-port 
coefficient aj), was then calculated as 0-715. This is in 
fairly good agreement with the experimental value of 
0-74 obtained from the model. 

Systematic tests were then carried out on model No. 
2 to determine the flow distribution in the cylinder. As 
stated, the indicator strips were mounted on threads situ- 
ated in parallel planes. A photographic recording was 
taken of each set of threads in one plane, and these were 
then removed and placed in an adjacent plane for the 
next photograph. These recordings with the velocity 
vectors indicated by the strips enabled the approximate 
flow patterns to be determined for the various sections of 
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Fig. 5. Typical pressure measurements inside the cylinder ot model 


e. Z. 
the model cylinder (Fig. 4), which refer to a 66:7°, 
scavenge-port opening condition. 

The pressures at the various points in the cylinder of 
model No. 2 were measured with the probe, and their 
values [mm w.g.] were plotted in sectional drawings, 
examples of which are given in Fig. 5. The vertical sec- 
tion B-B is in a plane passing through the cylinder axis 
and symmetrical with regard to the inlet ports (close to it 
on either side) and to the exhaust ports (one of these being 
indicated in the sectional drawing). The lower portion of 
Fig. 5 is a horizontal section through A-A. Both draw- 
ings show regions of negative pressure (i.e., regions in 
which the recorded values were considerably lower than 
those of the middle region of the cylinder), and the ver- 
tical section also shows compression regions at the top 
and bottom ends. 

The pressure at most of the measuring points re- 
mained constant during measurements, although at some 

(Concluded on page 512) 
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Limitations on Chemical Means of Controlling 
Corrosion in Boilers 


By D. E. Nott. 


Corrosion in boilers can be attributed to numerous 
causes. In many instances, there is a chemical solution to 
the problem. 

One type of corrosion attack sometimes found in 
boiler economizer and downcomer tubes, when there is a 
significant amount of oxygen in the feedwater, is shown 
in Fig. 1. This problem is not as prevalent as it once was, 
thanks to the efficient operation of modern de-aerating 
heaters. The number of recent papers dealing with 
chemical oxygen scavengers indicates that this problem 
still exists for the operator and water chemist. 

Another type of corrosion is shown in Fig. 2, which 
represents an example of corrosion beneath deposits of 
iron oxide and copper carried into the boiler from the 
condensate and feedwater systems. The damage noted 
here has nothing to do with galvanic action set up be- 
tween the copper in the deposit and the tube metal, but 
is the result of the inability of boiler water to rinse the 
surface beneath the deposit. In the pores of the deposit, 
boiler water solids have concentrated and dissolved the 
iron oxide layer normally protecting the steel from the 
action of boiler water. Although very high concentrations 
of sodium hydroxide are particularly destructive to the 
iron oxide layer, the presence of free caustic in the boiler 
water is not a requisite for this type of attack. Obviously, 
the best approach to this problem is to reduce corrosion 
in the condensate and feedwater lines by the use of 
neutralizing or filming amines. 

A third type of corrosion is illustrated in Fig. 3, which 
shows what is commonly referred to as caustic gouging. 
Previously deposited sludge or corrosion products need 
not play a role in this instance, if the tube is hot enough to 
cause high concentrations of caustic to develop in the film 
of boiler water next to the tube. Although this problem 
might be corrected by reducing the heat input in the 
affected region or by making mechanical changes that will 
improve rinsing, reduction of the caustic alkalinity of the 
boiler water may help. 








Fig. 4 shows still another type of corrosion, i.e., 
attack by boiler water at a field weld in a boiler tube. 
The deposit adjacent to the weld is iron oxide formed in 
place. As there were no foreign deposits in the area and 
the heat input at the weld was no greater than elsewhere, 
DECEMBER, 
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Fig. 1. Pitting of a boiler tube caused by oxygen in the feedwater 


(From Corrosion, Vol. 14, No. 11, November 1958, pp. 61-64, 7 illustrations.) 


stresses created by the welding process are probably 
responsible for the localized attack. The type of damage 
shown here, frequently has been reduced or eliminated by 
raising the boiler-water alkalinity following acid cleaning 
of the boiler. The higher alkalinity probably resulted in a 
toughening of the initially formed iron oxide, which 
provided a tight barrier against the action of boiler water. 





Fig. 2. Damage to a boiler tube caused by concentrated boiler water 
beneath deposits of iron oxide and copper. 


The type of corrosion illustrated in Fig. 4 is not to be 
confused with attack by concentrated boiler water in 
crevices in the weld metal or beneath deposits precipitated 
by the orifice effect of backing rings. The latter types of 
attack are similar to that shown in Fig. 2, except that 
some feature of the weld itself produces an environment 
in which boiler-water solids can concentrate. Elimination 
of backing rings and the use of inert gases to exclude 
oxygen during the welding process help to relieve this 
problem by producing a smooth, welded surface that is 
not conducive to the concentration of boiler water. 

Recent laboratory investigations indicate that the 
chemical approach to boiler corrosion has some limita- 
tions. In Fig. 5 is shown a section of 
generating tube in which a scab-like 
deposit of magnetic iron oxide has 
obviously formed in place. Here is a 
kind of deposit that is not seen fre- 
quently, yet which may occur more 
often than visual examination would 
indicate, simply because the scab-like 
deposit may have been cracked away 
from the metal by thermal shock. 
Many of the corroded areas of tubes 
may contain these heavy oxide deposits 
before a visual inspection is made, 
particularly if large pieces of magnetic 
iron oxide are found in the mud drum 
and headers. This specimen does not 
look like any of the previously dis- 
cussed examples. The tube surface 
does not have the characteristic scatter- 
ing of pits associated with oxygen. 
However, similar oxide deposits in other boilers have been 
attributed to oxygen because appropriate remedies pre- 
sumably prevented subsequent difficulty, though these 
boilers were also acid-cleaned. The importance of acid 
cleaning will be discussed later. 
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If formation of the hard, dense iron oxide shown in 
Fig. 5 is attributed to caustic, it must be assumed that the 
caustic seeped through fractures in the oxide already 
formed and concentrated at the oxide-metal interface, 
constantly uncovering new metal to the action of boiler 
water. If this argument were tenabje, the newly formed 
oxide would be expected to grow beneath the old and thus 
fracture it. The extremely inelastic nature of magnetite 
indicates the improbability of the oxide remaining intact 
in such circumstances. 


IRON-MIGRATION THEORY 


The oxidation of iron by water need not be a simple 
reaction in which iron replaces hydrogen at the oxide- 
metal interface but may be the result of iron migrating 
through the oxide, so that the oxide layer grows from the 
outside. That such a phenomenon occurs when iron is 
exposed to air at high temperature was first demonstrated 
by Pfeil as early as 1929. However, recent work by 
Douglas and Zyzes shows that this same process can 
happen when water is the corroding medium and when 
temperatures approximate those encountered in modern 
high-pressure boilers. The specimen in Fig. 5 appears to 
be evidence that this process, by which the iron turns 
itself inside-out, actually does take place in an operating 
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Fig. 47 (left). Corrosion at a field weld in a 
boiler tube, probably aggravated by stresses 
in the metal. 


Fig. 5 (above). Dense magnetic iron oxide 
scab in a boiler tube. 


Fig. 3. Damage to a boiler tube from sodium 
hydroxide concentrated at the surface by 
excessive heat input. 


boiler. There is no void where the 
migrating iron came from, because 
oxygen has migrated inwards to form 
iron oxide beneath the existing oxide. 
As long as iron migrates outwards 
faster than the oxygen migrates in- 
wards, there will be no fracturing of 
the previously formed oxide. Douglas 
and Zyzes find that the determining 
factor for the rate at which iron 
oxidizes above 465°F is the diffusion 
of iron outwards. 


CLASSICAL AND RECENT CORROSION DATA 

The fact that the formation of iron oxide in a boiler 
is a diffusion process controlled only by the rate at which 
iron diffuses through the oxide suggests that no concern 
need be given to the chemistry of boiler water. It seems, 
then, that corrosion of the boiler metal will proceed at a 
rate independent of the boiler water, if the boiler is not 
operated at a pH-value that will dissolve the oxide. There 
is evidence to substantiate this statement, and several 
investigators report data which show no significant differ- 
ance in corrosion rates at pH 7 and pH 10:6 at 600°F 
after long periods. 

The curve of Berl and van Taack, showing the effect of 
hydroxide concentration on corrosion rates after 7} hr, 
is given in Fig. 6. The sodium hydroxide concentration 
producing the least corrosion after 7$ hr is about 600 
ppm. In otherwise pure water, this corresponds to a pH 
of 12:2. Curves fitted to the data of Bloom, showing 
corrosion rates in pure water and in water at pH 10-6 asa 
function of time, are given in Fig. 7. The two curves al- 
most coincide, and after 100 days become practically a 
horizontal straight line. Perhaps, if Berl and van Taack 
had increased the duration of their tests, the curve in 
Fig. 6 would have been nearly a horizontal straight line. 

The purpose of the present discussion is to try to deter- 
mine the significance of laboratory 
corrosion data as they may be related 
to the actual generation of steam in a 
boiler. A boiler is a dynamic system 
in which there is a constant heat fiux 
through the tube walls and in which 
water is circulating and possibly 
washing away some of the corrosion 
products. 

The applicability of bomb-type 
experiments to conditions existing in 
operating boilers is open to question, 
and it would appear that testing in 
such a way as to permit not only the 
flow of water across the surface of the 
test specimen but also the flow of 
heat through the specimen would 
provide a notable contribution to 
research in the field of boilercorrosion. 

Any increase in the pH-value of 
the corroding medium must be 
accounted for by the presence of 
ferrous hydroxide (Fe(OH):). If the 
corrosion product is magnetite 
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(Fe,O,), little or no increase would be expected. While 
the former compound is frequently found when corrosion 
occurs at room temperature, most investigators agree 
that Fe,O, is the only significant product of corrosion at 
the temperatures for boiler operation. Although addi- 
tional experimental work along these lines would be 
welcomed, evidence to date suggests that within certain 
limits the corrosion rate is nearly independent of the 
initial pH-value. 


Test DATA RELATED TO BO|LER CORROSION 


If this hypothesis is accepted, the question arises as to 
its implications regarding the treatment of boiler water in 
high-pressure systems where heat-transfer rates are high 
and water is relatively pure. Perhaps, corrosion cannot 
be prevented, in spite of chemicals added. This is true to 
some extent, because there will inevitably be migration of 
iron through the oxide film until one of three things 
happens, i.e., (1) the film becomes so thick that it resists 
the migration of iron ions and the rate of oxidation be- 
comes negligible, (2) the thickening increases the tempera- 
ture, speeding up the oxidation, and failure results 
because of metal loss, or (3) the oxide forms a sufficient 
thermal barrier to cause the tube metal to fail from over- 
heating. The latter is what happened to tubes adjacent to 
the specimen in Fig. 5. 

Although there is good evidence that corrosion cannot 
be controlled directly by suitable adjustment of boiler- 
water chemistry, the manner in which the corrosion 
products precipitate may be changed, so that indirect con- 
trol over corrosion is achieved. The ideal formation of 
iron oxide is to have a diffusion barrier sufficiently thick 
to slow down the rate of oxidation without providing a 
significant barrier to heat transfer. Also, the formation 
should be dense, rather than loosely consolidated, be- 
cause oxide in the latter condition would trap steam and 
water, increasing the insulating property of the film and 
perhaps providing an environment for the concentration 
of boiler-water solids. 

In explaining the observations of Bloom that the cor- 
rosion rate becomes constant after long exposure, 
Douglas and Zyzes state that iron oxide reaches a critical 
thickness, beyond which it becomes porous and no longer 
offers a diffusion barrier. Thus, the diffusion barrier 
remains at a constant thickness, and the corrosion rate 
remains constant. In the work performed by Bloom, the 
corrosion rate levelled off at 5 milligrams/dm?/month, an 
extremely low rate, but in the laboratory experiments the 
temperature of the metal did not change as the oxide 
became thicker. If conditions inside a boiler permitted a 
similar phenomenon to occur, trouble would arise be- 
cause the porous outer layer would continue to grow 
until it either sloughed off at a rate equal to its rate of 
formation or until it provided sufficient insulation for the 
tube metal to overheat. Both situations, of course, are 
undesirable. Loose iron oxide often accumulates in tubes 
inclined towards the horizontal and provides a trap for 
the concentration of boiler water, with resulting caustic 
attack, or the accumulation simply insulates the tube from 
the boiler water. 


VALUE OF CONTROLLING ALKALINITY 


There should be little doubt that high levels of caustic 
alkalinity result in the formation of a thin, hard, dense 
layer of magnetic iron oxide over the steel. A residual of 
free sodium hydroxide throughout the boiler is considered 
beneficial, because a tough layer of reasonable thermal 
conductivity is produced and remains in place. A striking 
DECEMBER, 


1958 Volume 19, No. 12 


- —_ nN n os uw 
o uw o w oO w 


CORROSION RATE mgmO2/gm 


uw 





0 
0 1000 


2000 3000 4000 


5000 6000 7000 8000 
NaOH CONCENTRATION, ppm 


Fig. 6. Effect of sodium hydroxide concentration on corrosion rate for a 
}-hr exposure at 590°F. 
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Fig. 7. Corrosion rates in pure water at 600°F. 

example of the general improvement brought about by 
increasing boiler-water alkalinity has already been dis- 
cussed, in connection with the tube damage illustrated in 
Fig. 4, where attack had occurred at field welds. However, 
the hard, dense layer of iron oxide observed in Fig. 5 is 
itself a thermal barrier that is likely to grow thicker if the 
observations on free caustic are correct. Nevertheless, 
without a caustic residual, the porous or loosely con- 
solidated iron oxide mentioned earlier will probably form 
and give the usual trouble associated with it. 


VALUE OF ACID CLEANING 


Another chemical method of controlling boiler cor- 
rosion is acid cleaning. The necessity for acid cleaning 
implies that there are limitations on chemical-treatment 
methods. It has been the purpose of this paper to point 
out these limitations, but acid cleaning should not be 
considered a last-resort measure for corrosion control. 

Because the presence of dense iron oxide scabs in 
boiler tubes seems best explained by a diffusion process, 
in which iron migrates from the tube metal through an 
iron oxide layer to the oxide-fluid interface, chemical 
methods of corrosion control must be re-evaluated in 


(Concluded on page 532) 
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Instrumentation and Procedure in Flame Photometry 
By W. THIELE. (From Jena Review, No. 3, June 1958, pp. 76-81, 16 illustrations.) 


Because of their speed, simplicity, and accuracy, physico- 
optical measuring methods are among the most popular 
of the various chemical methods of analysis. Only in 
recent years has the range of applications of flame photo- 
metry been considerably widened, although the basic 
principle, as is often the case with new working methods, 
has already been known for a long time. 

A flame photometer is the combination of a spectro- 
graph and a photometer, its emission unit being the same 
as that of the spectrograph used in emission spectral 
analysis. A light source is in both instances controlled in 
such a manner that only the concentration of the element 
to be investigated is altered. In both groups of instru- 
ments, the light produced is further dispersed spectrally. 
This is effected in the case of the spectrograph by means 
of optical grids and prisms, and in flame photometers 
either similarly or by means of light filters. The receiving 
side of the flame photometer is designed as a conventional 
photometer, using a photo-cell to convert light generated 
by the flame into an electric current of varying 
intensity. 

As distinct from spectrographs, flame photometers 
immediately give results, providing the measured values 
of the elements under investigation at a low cost. How- 
ever, they supply the measured value for only one 
element ; all the others escape measurement and, when 
the specimen is used up, they are irrevocably lost. On the 
other hand, with the spectrograph, all exciting elements 
record traces on the photographic plate, so that, when 
checking later, elements can still be traced and quanti- 
tatively evaluated, their presence initially being of no 
interest and therefore passed over during the first examin- 
ation. 

The flame-photometric method of analysis is therefore 
most suitable for rapid analyses of alkalis and alkaline 
earths, by far surpassing chemical methods in this con- 
nection, owing to its simple operation. It also permits, 
with low concentrations, the determination of alkalis with 
an accuracy which would be attainable chemically only 
by the expenditure of much time by trained experts. The 
direct indication renders flame photometry even superior 
to spectral analysis in regard to speed and simplicity. It 
is therefore understandable that efforts are made to 
carry out a flame-photometric analysis of substances 
which hitherto could be determined only spectrographic- 
ally or chemically. The time required for investigating 
soil specimens as to their potassium content gives an idea 
of how much time is saved by flame-photometric methods. 
For 200 soil specimens, from 14 to 2 hr are required when 
carrying out the test thoroughly. 

In flame photometry it is possible to use filters only 
for light splitting, because the flame fed by acetylene and 
compressed air, coal gas and compressed air, etc., excites 
fewer elemerits to characteristic emission than the arc or 
electric spark used in spectrographic analysis. The 
density of the lines of the spectrum is lower, so that the 
individual lines can easily be separated by a light filter. 
This is made possible as a result of the development of 
the now generally applied interference filters for almost 
any required line of the spectrum within the visible range. 
By using filters, there is also more light available at the 
receiving end than with spectrographs. Thus, it is possible 
to work with selenium photo-elements and galvanometers 
adjusted for this purpose. All these are factors contribut- 
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ing towards reducing the cost of instruments for use in 
flame photometry. Only when using hotter, oxygen-fed 
flames in which several elements are excited and must be 
exhaustively investigated will the filter equipment no 
longer suffice because of the frequency of the lines of the 
traceable elements. In this instance, monochromators 
must be used. Simultaneously, a larger electrical input 
(electron intensifier, secondary electron multiplier, etc.) 
is required at the receiving end. This complicated instru- 
ment is naturally also much more costly. The simple 
flame photometer, however, also requires a_ certain 
amount of understanding and experience. This is fre- 
quently not given sufficient attention by those applying 
flame photometry for the first time, thus resulting in 
initial failures and disappointments which could easily 
be avoided. : 

As exciting conditions must be kept stable, it is parti- 
cularly essential accurately to regulate and measure the 
gas supply. The gases required for flame photometry are 
usually taken from gas cylinders, while suitable com- 
pressors can be used for compressed air. For acetylene 
and air, reducing valves are required, in order to reduce 
the gas under high pressure in the storage container to the 
requisite working pressure. It is advisable to reduce the 
pressure by several steps in order to ensure stability of the 
working pressure over a protracted period. For this pur- 
pose two-stage pressure-reducing valves are generally 
used. 

As the stability of the gas flow is to be measured, suit- 
able measuring devices must be provided. It is usual 
either to measure directly the quantity of gas passing 
through or to deduce the gas flow indirectly from the 
pressure on the walls of the supply tube. The latter 
method is applied more frequently, as instruments for 
measuring the flow rate are not as good and simple as 
those for measuring pressure. 

To purify the gases used, it is recommended that they 
be passed through special gas filters. When using acety- 
lene, care must also be taken to ensure that it is always 
of the same chemical composition, so as not to cause any 
disturbances from other gaseous constituents. The regu- 
lations issued for health reasons with regard to the per- 
missible content of hydrogen phosphide and hydrogen 
sulphide are not sufficient. It is often necessary to pass 
the acetylene through a washing bottle of concentrated 
sulphuric acid to remove the last traces of hydrogen 
phosphide. The washing bottle used is equipped with 
sinter filters, to prevent fluctuations occurring from large 
gas bubbles. 

The substance to be examined in the flame must be as 
finely and evenly distributed as possible. In addition to 
the usual atomizing process, this is effected by breaking 
surfaces, against which the aerosol current impinges. The 
exciting conditions which must be rendered stable also 
include constant temperature during the atomizing pro- 
cess and the constancy of the lift required to transport 
the liquid from the container to the opening of the nozzle. 
Thus, the same quantity of substance is fed within a unit 
of time to the flame. The smallest irregularities, however, 
may easily contravene this requirement. For instance, 
the suction height must always be maintained, or may 
change only very slightly. Fig. 1 illustrates how a change 
in the suction height affects galvanometer deflection in the 
determination of potassium. 
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Although gas flow can be accurately controlled by 
using two-stage pressure reducers and manometers, this 
alone is not sufficient for ideal flame-setting. The 
quantity ratio of the two gases has to be accurately 
adjusted. This is approximately arranged by the size of 
the air and gas nozzles chosen by the manufacturer of the 
photometer. It may, however, be disturbed by an un- 
suitable choice of gas and air pressure. If excessive air is 
used for burning the flame, all acetylene supplied per 
second to the flame is burned. The excess air is not 
utilized and causes the flame to cool down, thus preventing 
it from reaching its maximum temperature. If there is an 
excess of combustible gas, its molecules also tend to 
provide a cooling-down effect. The carbon contained in 
acetylene, coal gas, or other gaseous hydrocarbons used 
as fuel may glow. 

Fig. 2 shows how gas pressure affects the sensitivity of 
indication. It can be seen that the indication increases 
with an increase in acetylene pressure until an ideal 
point has been reached. If further gas is supplied, the 
indication then decreases, its subsequent increase origin- 
ating from glowing unburnt carbon particles in the 
acetylene, of which there is now an excess. 

For a certain predetermined air pressure, the gas 
pressure should be selected so as to correspond with the 
maximum of the curve in Fig. 2, or at least its horizontal 
portion, thus ensuring that any fluctuations in pressure 
cause only slight fluctuations in the indication. Thus, a 
change in gas pressure of 1 mm w.g. corresponds to a 
fluctuation in deflection of 1°,, provided that the mixing 
ratio has been correctly selected ; otherwise, it may be 
as much as from 5 to 6°,,. Similar conditions prevail with 
air-pressure fluctuations and constant acetylene pressure. 

Atomization is always connected with a cooling down 
lasting until a temperature compensation sets in as a 
result of the heat in the room. This balancing occurs, of 
course, only after working for a certain time, which 
should always precede actual measurement. This state 








Fig. | (left). Effect of suction height 
on galvanometer deflection. 


Fig. 2 (right). Dependence of galvano- 

meter deflection for a sodium chloride 

solution on acetylene pressure, with 
air at constant pressure. 
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the course of measurement, that this state of balance is 
maintained. The atomizing process should therefore be 
uninterrupted, and the change from one specimen to 
another should be made as quickly as possible. 

Nevertheless, small fluctuations caused by condens- 
ation may occur during a series of measurements, and 
these manifest themselves as fluctuations in indication. 
It is sometimes stated that these fluctuations are due to the 
effects of fatigue of the photo-cell, but, in the author’s 
opinion, condensation is responsible, as cell fatigue occurs 
much more rarely and exercises considerably less effect. 
In this connection, the optical reproduction system must 
ensure that as much light as possible from the light source 
should fall on the photo-cell. Thus, light radiating to the 
rear of the source should be reflected from a spherical 
mirror and redirected through the flame to the cell. In 
addition, the reproducing system must fulfil the usual 
optical requirements for producing optimum conditions. 
Finally, it should be remembered that the quality of exci- 
tation of the element varies within the different ranges of 
the flame, so that only the most favourable portion of the 
flame, and not the entire flame, should be reproduced on 
the cell. 

It must be appreciated that flame photometry is a 
relative method. Correct measurements are obtained 
only when light emissions are produced with known cali- 
bration or standard solutions and are then compared 
with those emanating from the specimen, so that con- 
taminated reagents, pipetting errors, etc. may give rise to 
inaccurate results. Moreover, specimens are usually not 
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available in a pure condition, but as mixtures of a wide 
variety of elements, so that it is important to ensure 
that the standard solutions approximate the specimen as 
far as possible and that the secondary constituents in the 
specimen are added to the solutions in the same concen- 
tration. 

Comparison between the standard and the specimen 
is preferably effected by means of calibration curves, an 
example of which is given in Fig. 4, which is for calcium 
and is based on an air pressure of 0-4 atm and an acetylene 
pressure of 47 mm w.g. Such calibration curves must 
not, however, be considered as rigid references which, 
once produced, always apply. Rather, they should be 
considered as indicating varying degrees of fluctuations 
which must be noted and taken into account. It is usually 
possible to reset to previous calibration values by ad- 
justing the light-beam intensity by means of a diaphragm 
or by adjusting the photo-electric current with a 
potentiometer. If this cannot be carried out satisfactorily, 
the cause is due to more serious errors, the elimination 
of whic’ is extremely important. 

Determinations of calcium are usually more com- 
plicated than those of sodium and potassium, principally 
because the spectral lines emitted by calcium are more 
difficult to excite than those of the alkalis. This applies 
to an even greater extent to barium, strontium, and 
magnesium, which have, in addition, brightly illuminated 
molecular bands, causing the base of the flame to be 
raised and thus shifting the lower traceable limit towards 
the higher concentrations. Because these molecular bands 
are more strongly illuminated, as compared with the 
spectral lines, they are given preference in flame-photo- 
metric determinations of alkaline earths, despite their 
being more prone to causing disturbances. Numerous 
publications and instructions have shown that these dis- 
turbance; can be eliminated. Thus, it is now known that 
calcium intensity is greatly reduced in the presence of 
phosphates. A similar effect is caused on calcium by the 
presence of aluminium. If, for instance, a continually 
increasing quantity of phosphoric acid is added to a 
calcium specimen after an initial depression, a zone is 
reached where the phosphoric acid no longer has any 
effect, a range of “ negative” saturation having been 
reached. However, even here, with reduced illumination 
power of the calcium, the dependence on the calcium 
content can still be ascertained. By adding suitable 
quantities of phosphoric acid to the standard solution 
and to the specimen, it is thus possible to eliminate the 
effect of the phosphoric acid and yet determine the cal- 
cium under somewhat more complicated conditions. 

Knowledge of the depressing effect of phosphoric acid 
on calcium has also been utilized in reverse by adding 
pure calcium solutions for indirect determination of the 
content of phosphoric acid solutions containing no cal- 
cium. Such indirect methods of determination have also 
been evolved for other elements not directly excitable in 
the flame. 

Apart from substances, the addition of which causes a 
reduction in intensity, there are other substances which 
effect an increase in light intensity. The various alcohols 
belong to this group. It has been ascertained that the 
diameter of the droplets of the atomized substance be- 
comes smaller if alcohol is added to aqueous specimens. 
Smaller drops are not so easily condensed, but reach the 
flame more readily, thus increasing its intensity. The 
reduction of surface tension by the alcohol is the cause of 
this increase. Furthermore, it may be noticed that a 
flame normally adjusted with an aqueous solution begins 
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to luminesce when alcohol is added, in the same manner 
as with an excess of acetylene. As the alcohol itself burns, 
the oxygen supplied for combustion no longer suffices, 
and the incompletely burned acetylene remaining begins 
to luminesce from the incident carbon particles. Iso- 
propyl alcohol has proved of the greatest value for in- 
creasing intensity. 

These methods represent an intermediate stage 
between the purely flame-photometric and the chemical 
flame-photometric processes, and may be said, in their 
extended form, to result in the elimination of disturbing 
components by precipitation during preparatory chemical 
work, the remainder being examined for the element 
under consideration. Alternatively, the element under 
consideration can be precipitated and then redissolved for 
evaluation by flame photometry. Cation and anion 
exchangers have opened up new methods and techniques 
for flame-photometric investigations. 

Finally, the principle of the “ internal-standard ” 
method, which has given rise to much controversy, should 
be mentioned. This method is based on chemically 
related elements which, under certain equivalent external 
conditions, exhibit similar behaviour, such chemically 
related elements being sodium, potassium, and lithium. 
Although it is true that lithium plays only a very small 
part, if any, among the elements which are of interest in 
flame photometry, it is particularly suitable as a standard. 
Thus, it can be added in a fixed concentration to standard 
solutions and to specimens, the intensity of the lithium 
content of the flame in both cases then being determined. 
The alteration of the standard solution and the specimen 
produced by adding lithium in equal concentrations 
points to the same change in the proportion of the 
elements sodium and potassium under review. Numerous 
tests have proved the accuracy of this conclusion. In 
actual practice this is effected by obtaining the quotient 
of the sodium and lithium deflection on the indicating 
instrument and correlating it with the sodium concentra- 
tion. Effects of viscosity, fluctuations in pressure, dis- 
turbances caused by anions, etc. are thus eliminated, as 
they impair the sodium and lithium values equally, these 
balancing when the quotient is obtained. 

This method, very useful in practice, is subject to 
certain reservations. For example, the specimens in their 
original composition must be lithium-free. The lithium 
salt used must itself be of such purity as not to contain 
either sodium or potassium as impurities, as these are 
the elements under review. In addition, the method 
involves more work, so that prior consideration must be 
given as to whether the additional work is worthwhile 
in relation to its utility. 





Experience with Vibratory Polishing 
(Concluded from page 517) 
overpolishing is less likely to occur ; if a specimen should 
remain in the polishing bowl for an additional 5 to 10 
min it is unlikely that repolishing will be required. 
Another advantage is that it takes less time to train 
people to use this method. It does not tax the operator’s 
patience as much as does hand polishing, since he is able 
to process various types of samples simultaneously and 
observe the action of various cloths and abrasives. 
Finally, vibratory polishers do not require mounted 
specimens of close tolerances, and with simple precau- 
tions, e.g., substituting silicone oils or petroleum oils for 
water in the abrasive slurries, radioactive dust contamina- 
tion should offer no additional problem. 


THE ENGINEERS’ DIGEST 



















; 
: 
5 
i 








ee ee chen ee 


BELGIUM 


Improved Design of Surface-Type Desuperheater 


(From Bulletin de Documentation, Bureau d’Etudes Industrielles Fernand C ourtoy S.A., 2nd Quarter, 1958, 
pp. 3-14, 12 illustrations.) 


IN the Awirs power station in Belgium, surface-type 
‘“* Wolters ”” desuperheaters had been installed in con- 
junction with four Cockerill boilers. These boilers, com- 
missioned in 1951, are of the tri-drum type and are rated 
at 130 tons maximum of steam per hour per unit at a 
design pressure of 77 kg/cm? and a final steam tempera- 
ture of 500°C. The desuperheater coils were installed in 
the outlet header of the low-temperature desuperheater 
stage, the configuration and overall dimensions of these 
coils being shown in Fig. 1. 
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Fig. 1. Configuration of coils in the original ‘* Wolters * desuperheater. 

After a few months operation, cracks, as indicated in 
Fig. 1, developed in the desuperheater tubing and, as a 
result of leakage of the cooling water from the coils into 
the steam space of the header, dangerous unequal tem- 
peratures in the coils were produced. These cracks were 
attributed to local fatigue stresses set up by unequal ex- 
pansion of the coils, ultimately leading to corrosion 
fatigue. 

It was therefore decided to install coils of the con- 
figuration shown in Fig. 2, since it was believed that, 
owing to the greater flexibility of this type of element, the 
previous troubles would be eliminated. However, after 


two months operation, these coils suffered the same 
damage as the first coils. 
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Fig. 2. Configuration of coils in the modified design of “ Wolters ” 
desuperheater. 

Plans were then made to use elements with hairpin 
bends, as shown in Fig. 3, but, after further considera- 
tion had been given to the problem of thermal stresses, 
this design was abandoned. In this connection, it was 
deduced from the elements which had failed in service 
that the temperature difference of adjacent limbs joined 
by a bend can be as high as 50 to 100°C when starting up. 
When the desuperheater is not in operation, the tubing 
attains the temperature of the superheated steam, e.g., 
350°C ; however, as soon as the desuperheater is work- 
ing, relatively cold water at, say, 180°C enters the inlet 
limb of the coil. The wall (2 mm thick) of this tube length 
is therefore cooled to a lower temperature than that of the 
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wall of the tube forming the outlet limb. This tempera- 
ture difference results in a differential contraction, which 
may amount to several millimetres, so that considerable 
stress concentrations are produced at the points where 
the bend joins the straight tube lengths. Assuming that a 
temperature difference of 50°C exists between the limbs 
and that a resulting differential change in length of 3 mm 
occurs, the stresses in the turns shown in Fig. 3 can range 
from 10 kg/cm? in the outermost turn to as much as 39 
kg/cm? in the innermost turn. In the case of a tempera- 
ture differential of 100°C, these stresses will be doubled, 
and the elastic limit of the material in the three inner 
turns will certainly be exceeded. 

Consequent on the decision to abandon this hairpin 
design altogether, it was finally decided to resort to a 
concentric tube design patented by Zimmer, adopted by 
Cockerill Ougrée, and approved by the Awirs power 
station. The first desuperheater of the new type, installed 
in 1956, is shown in Fig. 4. The superheated steam enters 
the header (1) through pipes (2) and leaves through pipes 
(3). The closed-end outer tubes (4) are joined to the tube 
plate (5), while the inner open-ended tubes (6) are carried 
in the tube plate (7), which is secured to the tube plate (5) 
by bolts (8). Feedwater enters centrally through a pipe 
(9) in the cover (10) into the inlet-water space (11), passes 
through the internal tubes (6), and returns through the 
annular space between tubes (4) and (6) into the outlet- 
water space (12), whence it is discharged through four 
symmetrically arranged connections (13). 
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Fig. 3. Proposed design of a Sepatone tube bundle with hairpin 
is. 

It is obvious that in this design all tubes are free to 
expand and contract without restraint. Proper location 
of the outer tubes is ensured by perforated plates (14), 
while distance-pieces (15) keep the inner tubes concentric 
with the outer tubes. The frame supporting the tube 
bundle can expand freely in the header (1), and comprises 
a baffle (16) and plates (17), which are attached to the tube 
plate (5) and which are also connected to the perforated 
plates (14). Plates (14) are provided with lugs (18) for 
centralizing the frame in the header. 

High-temperature, high-pressure joints are incorpo- 
rated in the design, i.e., a soft-metal joint (19) between 
the flange of the header (1) and the tube plate (5), and a 
ring joint (20) between the tube plate (5) and the cover 
(10). Tightening of these two joints can be effected inde- 
pendently by virtue of the fact that the central portion 
(22) of the tie bolts is screwed into the tube plate (5). In 
cases where the temperature difference between the cool- 
ing water and the cover (10) is high, the space between the 
bolt holes in the cover and the slender portion (21) of the 
tie-bolts can be filled with copper powder (24), held in 
position by washers (25). The tie-bolts are provided with 
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central holes (23) to permit micrometric measurements 
to be made of their elongation. 

According to their length, one or two such desuper- 
heaters can be provided in the header. Since the path of 
the steam flowing over the desuperheater is uniform over 
the length of the header, uniform steam temperature is 
safeguarded. Steam temperature control is effected by 
adjusting the flow of cooling water through the coils. 

As a result of the success achieved with this first de- 
superheater, it was decided to equip the other three boilers 
with desuperheaters of this new design, and these were 
installed in early 1957. To date, these desuperheaters 
have functioned perfectly and have given no trouble 
whatsoever. Furthermore, it is interesting to note that, 
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Fig. 4. Sectional drawing of the new 
desuperheater. 


after it had been in service for ten months, the first de- 
superheater was dismantled for inspection, and it was 
found that the tubes were still in good alignment and that 
no permanent deformations had taken place. A particular 
point observed was the presence of polished regions, 
caused by rubbing, at locations where the tubes passed 
through the perforated plates. This may be regarded as 
clear evidence of the complete freedom of the tubes to 
expand and contract in service. 

Experience has also shown that construction of these 
desuperheaters presents no technological difficulties and 
that their space requirements are comparatively small, 
so that they can be installed in superheater headers of 
medium dimensions. 


Infra-Red Pyrometer for Temperature Measurements 


of Turbine Blades 


By J. Crasor and J. VAN Kore. (From La Recherche Aéronautique, No. 66, September—October, 1958, pp. 3-11, 
12 illustrations.) 


MEASUREMENTS Of surface temperature are a more com- 
plex problem than measurements of temperature inside a 
closed body under equilibrium conditions and without 
high temperature gradients. The boundary surface is a 
region of exchanges of energy with the outside medium 
and, since temperature serves as a basis for estimating 
these exchanges, it is necessary to avoid disturbing them 
during measurements. 

Most measuring methods use a “ thermal receiver ” 
in contact with the surface or slightly embedded in it. 
Even if fairly good contact is obtained, it is certain that 
disturbances, which can be significant in some cases, will 
be caused. Radiation methods of measurement avoid 
this drawback, since the receiver can be placed at a 
sufficient distance away from the region of thermal ex- 
changes, but they have the disadvantage of being depen- 
dent on the conditions governing surface-emitted radia- 
tion, i.e., total emissivity and its spectral distribution. 
In many applications, however, this difficulty can be 
reduced to a calibration problem which can be solved 
fairly easily with suitable precautions. 

In the case of turbine blades, there is the added com- 
plication that the body whose surface temperature is to 
be measured is rotating at a high speed and that the 
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number of blades on the rotor is fairly large ; thus, if n 
points are to be measured on each blade of a 60-blade 
rotor, a total of 60” indications would be required 
simultaneously, and this obviously is a practical im- 
possibility. Consequently, it is usually assumed that the 
mechanical design and thermal flux distribution are such 
that all blades are subjected to the same variations, so 
that it is sufficient to study either the temperature varia- 
tions of a single blade or the mean variations of all the 
blades. 

Thermocouple measurements require complex and 
rather cumbersome equipment, so that they are hardly 
suitable for other than laboratory tests. Other methods 
are based on a study of the changes in the metal and 
determine its hardness or colour after exposure to heat, 
but set upper limits to operating conditions of the engine 
and require dismantling of the blades after each test. 

In contrast, radiation methods measure the mean 
temperature of the blades while they pass through the 
optical field of the pyrometer. In theory, the temperature 
of each individual blade can be measured during the 
rotation of the turbine, but this requires something like 
10,000 peak-amplitude measurements per second, and 
cannot be contemplated unless the records are used only 
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Fig. | 
(1) Cover-plate 


Measuring head of the new infra-red pyrometer. 

(2) Measuring chamber. (3) Sighting tube. (4) Air 
outlet. (5) Air-inlet connections. 

to identify any abnormally high peaks on one or more of 
the blades. 


DESCRIPTION OF THE NEW PYROMETER 


The shape and size of the new pyrometer, type CV1, 
developed by ONERA, obviously depend on the space 
available between the turbojet engine and its outer casing. 
The unit (Figs. 1 and 2) is mounted on the transition cone 
of the nozzle section, and is oriented along a fixed direc- 
tion relative to the turbine axis. The blades pass suc- 
cessively through the optical field of the unit, without any 
interruption between them, the orientation chosen being 
such that the indicated portion of the blade surface is 
substantially flat and perpendicular to the optical axis. 
The temperature value obtained is therefore a mean 
temperature of the blades over an equivalent virtual 
annulus concentric with the turbine axis. 

The measuring head consists of a sighting tube and a 
measuring chamber. The sighting tube is a double- 
walled cylinder (the double walls are for cooling air, 
which escapes through vents in the upper flanged portion) 
and is situated below the cylindrical measuring chamber, 
which is of larger diameter. The outer end of the sighting- 
tube cylinder is closed with a quartz plate with plane 
parallel surfaces, acting as a shield against thermal shocks 
and withstanding the pressure exerted by the combustion 
gases. The inner cylinder carries a glass lens which col- 
lects the flux emitted by the radiating surface and forms 
its image on the measuring cell. The use of glass makes it 
possible to cut off any luminous radiation of wavelengths 
above 2:7. The outer surface of the sighting tube and 
the quartz surface on the turbine side are cooled by a 
flow of air taken from the jet-engine compressor. 

With regard to the cell, it should be noted that the 
spectral distribution of the energy radiated by a blade 
cannot be very different from that of a black body, since 
it has been found experimentally that the emissivity value 
is fairly close to unity. The temperature of the blades 
under running conditions is between 500 and 1000°C, so 
that most of the radiated energy is in the near-infra-red 
1958 
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region. It was therefore necessary to choose a receiver 
element that would be sensitive in this region ; it was 
also desirable that it should have adequate resistance to 
vibration, low inertia (i.e., a small mass), and the ability 
to operate in an ambient medium of relatively high 
temperature. The last requirement is particularly im- 
portant, since the pyrometer has to be fitted to the wall 
of the nozzle section, where, in spite of cooling arrange- 
ments, the surrounding temperature will not be less than 
80°C. As lead-sulphide cells have been found to fulfil 
these requirements, they are used in the new pyrometer. 

The measuring chamber is also a double-walled 
cylinder, with a flow of cooling air injected between its 
two walls. The upper cover-plate of the inner cylinder 
carries the housings of the measuring cell and the com- 
pensating cell, which are thus situated in the same en- 
closed space in the chamber and are subjected to homo- 
geneous temperature conditions, owing to the cooling air 
between the two main walls of the chamber. The measur- 
ing-cell housing has a circular aperture which limits the 
scanning area on the blade surface. The radiation flux 
passes through a thin glass plate perpendicular to the 
axis of the measuring cell. A mechanical device makes it 
possible to move the cell to various positions, so as to be 
able to explore a fairly large portion of the blade. An 
electromagnet controls a shutter which can cut off the 
radiation, when necessary. 

A “ secondary ” calibration with the system installed 
in its operating position can be obtained by focusing 
onto the measuring cell part of the radiation from a 
reference lamp, via a concave mirror. 

The components of the measuring bridge (calibrating 
potentiometer and resistances) are mounted on a rack, 
together with the associated circuits of the remotely- 
actuated switches for secondary-calibration shutter con- 
trol. The compensating cell, forming part of an electrical 
feedback arrangement, is used to compensate for any 
fluctuation Ar in mean temperature when the system 
constants have been adjusted to their expected mean 
value at a mean temperature r. The signals produced by 





Fig. 2. Literior of tne measuring head. 


(1) Measuring-cell housing. (2) Calibration lamp. 
mirror. (4) Restoring spring. (5) Shutter. 
Compensating-cell housing. 


(3) Concave 
(6) Electromagnet. 
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the cell are detected by a galvanometer and can be re- 
corded, if required. 

The equipment is calibrated by measuring the radia- 
tion emitted by a cylindrical specimen cut out of a used 
turbine blade. The specimen is heated in an oven, and 
its temperature is measured by means of a thermocouple 
inserted in the body of the specimen. For calibration, the 
measuring head is mounted in a closed chamber which is 
heated so as to provide an ambient temperature of 80°C. 
It is sighted on the specimen and its output signals are 
measured for various temperatures to which the specimen 
is subjected. 


Test RESULTS 


Turbine-blade temperature measurements were car- 
ried out on a turbojet engine, using the new pyrometer. 
The objects of the tests were to verify the mechanical 
suitability and thermal reliability of the measuring unit 
under operating conditions, and also to obtain blade- 
temperature values for various running conditions of the 
engine under test. 

The pyrometer was mounted on the transition cone 
of the nozzle section and sighted on the blades when in 
their horizontal position. To be able to adjust air flow 
to suitable values, air for cooling the outside of the sight- 
ing tube and the outer surface of the quartz window was 
in this case taken from a separate compressor. In these 
test-bed measurements, the measuring bridge and other 
electrical components were placed in easily accessible 
positions, while an auxiliary circuit with a platinum- 
resistance probe enabled instantaneous measurements to 
be taken of the air temperature inside the measuring 
chamber, between the measuring cell and the compen- 
sating cell. 

To avoid exceeding 80°C by more than, say, 5°C, the 
cooling air was injected before starting the turbojet. In 
the first tests, this cooling was excessive, and consider- 
able time (about 30 min was required for stabilization of 
the pyrometer, i.e., for it to reach its normal operating 
temperature. This drawback was overcome by reducing 
the initial amount of cooling air by manual flow control; 
in this way, stabilization was obtained in about 10 min, 
and a subsequent final adjustment enabled the pyrometer 
operating temperature to be kept constant to within 

+1°C. Some parts of the system were lagged, so as to 
obtain temperatures similar to those occurring under 
flight conditions. 

After completing these preliminary tests, temperature 
measurements were carried out. The explored surface, 
limited by the optical aperture, was a circular area of 
10 mm diameter, about midway along the length of the 
blades, its centre being 70 mm from the blade tips. The 
adjusting arrangement used with the sighting tube made 
it possible to explore regions up to 45 mm on either side 
of this middle position. With the rotation of the turbine, 
an annulus of 10 mm width was obtained for each of 
these positions. 

The mean annulus ‘temperature of the blades was 
measured at four positions, i.e., (1) 70 mm, (2) 61-6 mm, 
(3) 25 mm, and (4) 115 mm from the blade tips. In 
addition, thermocouple measurements were taken of the 
exhaust temperatures at the various turbine speeds used 
in the test for correlation with the values obtained for the 
blades at the different positions. It was found that the 
values obtained for positions (2) and (3) had a range of 
scatter of 2°, indicating that there was no appreciable 
temperature gradient in this region, while the tempera- 
ture at position (4) was on average about 60°C lower than 
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Fig. 3. Blade tempera.ure as a function of turbine speed. 
Position No. | Solid dots (initial measurements). 
Position No. 1 Squares (repeat measurements). 
Position No. 2 Crosses. 
Position No. 3 Triangles. 
Position No. 4 Open circles. 
at the other positions. A repeat test at position (1) gave 
values not differing by more than 1°, from those pre- 
viously obtained for this position (Fig. 3). The scatter 
of the mean exhaust temperatures, which are also 
indicated in Fig. 3, was from + 2°, to —1°). 

The tests also showed that the equipment was in- 
sensitive to mechanical vibrations, and reproducible 
results were obtained in similar tests carried out after an 
interval of several days. The colour of the blades due to 
tempering (i.e., exposure to temperature) was also 
examined after the tests and it was found that there was 
good agreement with the optically determined tempera- 
tures for all positions except position (4). 

A new design of this pyrometer, now being developed, 
will incorporate a preheating system to reduce the stabi- 
lization time, as well as automatic and continuous scan- 
ning of positions over the entire length of the blades. It 
is considered that this apparatus will be suitable, with 
minor modifications, for temperature and _heat-flux 
measurements in a wide variety of fields. 





Limitations on Chemical means of 


Controlling Corrosion in Boilers 
(Concluded from page 525) 

consideration of the fact that the only rate-controlling 
factors are temperature and oxide thickness. Although 
chemical-treatment methods may alter the character of 
the oxide layer, they will not directly affect the rate of 
oxidation. Therefore, the best prescription for boilers 
which develop these dense, iron oxide deposits is to acid- 
clean before oxide formation has progressed too far and 
to use sodium hydroxide during operation to precipitate 
the oxide in its most desirable form. 
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Shaw Process or Lost Wax? 


While the Shaw Process produces castings having a high 
degree of precision, that degree of precision bears a 
relationship to the casting process generally. The 
SS lost wax process is more precise in many instances, but 
| |, Send for a copy there are many cases when both the Shaw Process and the 


|} of comprehensive 


| brochure covering lost wax process offer the same high degree of precision. 
all casting 


|||) processes So many factors of a technical nature enter into the 








aad production of castings by the Shaw Process that close 
co-operation between the foundry and the customer are 


necessary. Let our technicians collaborate with yours. 


The PHOSPHOR BRONZE Co. LTD. 


P.O. BOX 74 - BRADFORD STREET + BIRMINGHAM 5 - PHONE: MIDLAND 6621 (10 LINES) 


This company participates in the research, technical, and 

productive resources of the Birfield Group, which includes tt II 

Hardy Spicer Ltd., Laycock Engineering Ltd., Kent Alloys Ltd., MEMBER OF THE TTT) BIRFIELD GROUP 
Forgings and Presswork Ltd., and many other famous firms 
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Engine air 
filtration 
without 
maintenance 


Reciprocating engines and air compressors attain 
their higher efficiencies through the use of smaller 
working clearances and relatively high speeds of 
revolution. Clean air, essential to such high 


performance machines, is reliably obtained at 





low cost through Rotonamic filtration. 





Graph of Rotonamic efficiency percent- 
age plotted against dust particle size. 
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Air entering a Rotonamic panel 
at A is centrifuged at speed by 
the helical vanes. 10° of the 
air conveys dust to the bleed-off 
tube at the base of the panel. 
The remaining 90°, cleaned 
and filtered, reverses direction, 
PARTICLE SIZE — MICRONS enters the tube and exits at 
Point B. 


The illustration shows 

a Rotonamic panel 
comprising multiple 
Static vanes which 
impart a whirling motion 
to the air entering the 
panel. The dust is 
centrifuged from the air 
and is bled off to 
atmosphere or dust bin. 
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Rotonamic air filters are self-cleaning and have no working parts to wear. These filters are 


extremely efficient and easy to maintain. Please write for leaflet FRC9. 


Rotonamic filters are made in England by Intermit Limited 


for high efficiency at low cost... interpose an 
INTERMIT Far-Air Rotonamic 
BRADFORD STREET + BIRMINGHAM 5 - PHONE. MIDLAND 7961 medias ia 
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British Industrial Developments | 








High-Speed Sugar-Packaging 
Machine 


Combining high output and excellent quality of 
packaging with a saving in labour and floor space, the 
** Titeseal Unit’’, developed by Brecknell, Dolman & 
Rogers Limited, of Bristol, is a compact machine for the 
high-speed weighing and packaging of granulated sugar 
in 1-lb and 2-lb bags. The sugar is weighed automatically 
to fine limits, and is then fed into the bags and settled by 
controlled vibration, after which the bags are sealed with 
a neat and uniform fold. The bags are then discharged 
into a drying unit, collated, and fed into a parcelling unit, 
where fourteen 2-lb bags are automatically packed ready 
for despatch. 

A general view of the machine is illustrated and shows 
the weighing section and bag-feeding and sealing section 
in the background, the control equipment for collating 
and feeding the bags into the dryer unit at the extreme 
right, and the mechanism for feeding fourteen 2-lb bags 
(right foreground) to the parcelling unit on the left. 
Automatic feeding-in of the sugar bags from the Titeseal 
unit to the drying and collating sections, and operation 
of the feed mechanism from the collator to the packaging 
unit are effected pneumatically. 

A special feature of the machine is that it imparts a 
particularly well-shaped rectangular appearance to the 





packed bags, which have a sift-proof seal obtained by 
precreasing the fold, tightly closing the bag over the con- 
tents, and then guillotining the flap to a controlled 
length, so as to produce a correct length of turn-over for 
glueing. The whole process is carried out with a steady 
continuous movement of the bags, and, using six weighers, 
120 bags can be packed per minute. 


High-Frequency Welding Machine 
for Thermoplastics 


As announced by F. J. Edwards Limited, of London, 
N.W.1, sole agents in the U.K., a new high-frequency 
machine for welding thermoplastic materials is being 
produced in Holland by Maxinec. The new machine, 
designated Model HPA, comprises a_ high- -frequency 
generator and a pneumatic press, complete with fully 
automatic material transport. The generator and press 
are of standardized dimensions, so that generators rang- 
ing from 2 to 6 kW can be interchanged, if required. 
DECEMBER, 
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The equipment is fitted with an adjustable electrode 
holder and a special automatic arc-limiting device to 
ensure safety to tools. Completely electronic push-button 
control is used, the equipment being operated by air pres- 
sure at about 80 psi. The automatic feeder functions by 
means of grippers and, at the end of each welding opera- 
tion, a clamping device fixes the material to the transport 
table, which then moves to the finished position and 





brings material into position for the next weld. A roll 
holder is mounted at the end of the table, which has an 
infinitely variable length of feed, and is synchronized to the 
operation of the press, thus giving a minimum of loss 
between welds. The welded article can be left either in 
strip form for tearing out afterwards, or torn out as it 
leaves the moving table. 


Portable Rotary Screw 
Compressors 


It is announced by Holman Brothers Limited, of 
Camborne, Cornwall, that, following their agreement 
with James Howden & Co. Ltd., a range of portable 
rotary screw compressors, with outputs from 135 to 600 
cfm, has been specially developed with definite built-in 
pressure-ratio and axial-flow characteristics. 

Designated the ** Rotair *’, the compressor is a com- 
pact lightweight machine delivering compressed air free 
from pulsation, and consists essentially of two helical 
fluted intermeshing rotors mounted in one casing. As 
they rotate, air is drawn through the inlet port to fill the 
interlobe space and is then trapped and compressed, with 
a progressive reduction in the volume of the space, until 
released into the discharge port. The male rotor, which 
has four lobes, absorbs practically all the power required 
by the compressor, while the female rotor, which has six 
lobes, functions as a rotary valve, resulting in a continu- 
ous piston effect. The illustration shows the two rotors 
viewed from the discharge side. 

High efficiency is achieved in a single stage by the use 
of oil cooling, which results, without the use of inter- 
coolers and after-coolers, in delivered air temperatures 
at least 100°F less than those obtained from conventional 
compressors. Oil injection effectively cools the air during 
the actual compression cycle. It is then recovered, cooled, 
and returned to circulation, passing through a dual- 
purpose radiator, which also cools the engine circulating- 
water. The air flow through the compressor has axial- 
flow characteristics, and only the delivery end of the 
machine is subjected to high pressure. 
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Electrical Aids in Industry 


Induction Heating -1 





Electro-magnetic induction was discovered by 
Faraday and used by him to evolve the electric 
motor. In some cases, induction can be a 
nuisance by causing heat losses to arise from 
induced eddy currents in nearby pieces of metal, 
but in industry today those heat losses are being 
turned to good account as a method of metal 
heating. 

Induction heating produces heat only in the 
work piece. This is a fascinating and spectacular 
process which has the additional merit of being 
extremely effective. An important feature of 
induction heating is that it gives rapid tempera- 
ture rise with no time lag, starting being instan- 
taneous. Perhaps its greatest advantages are that 
it can be used in automatic processes and does 
not demand skilled labour. 


Induction heating can deal efficiently with all 
the applications outlined below, and including 
metal melting, preheating and stress relieving, 
surface hardening, heating of large components, 
preheating of steel tubes for manipulating, 
heating for shrinking, for forging and extrusion, 
as well as for the heating of vessels. There are 
various methods of applying it, the method to be 
used being dictated by the application. 

Technical details relating to the choice and 
use of individual types of induction heating will 
be set out in a subsequent data sheet. 


Metal melting 
The oldest and largest application of induction 
heating lies in the melting of metals. The out- 
standing advantages are: freedom from deleter- 
ious gases and products of 
combustion and other con- 
taminants, rapid speed of 
melting, low running costs, 
improved working condi- 
tions and reduced metal loss. 





Metallurgical processes 

This covers a large variety of processes which 
may be basically divided into surface heating 
and through heating. Most processes fall into 
the former category and are used for the purpose 





of skin hardening. They include the treatment 
of such components as: pins, camshafts, crank- 
shafts, rollers, cylinder liners, gear teeth, rocker 
arms and shafts and valve stems. 


Through Heating 
When the current in an induction coil is main- 
tained for a longer period it results in the heat 


Data Sheet 


engendered in the work 
piece penetrating to ‘OO @ 
greater depth and eventu- 


ally throughout the piece. It 

is largely used for the heating of slugs and billets 
for upsetting and upset forging, flanging and 
nosing, shearing and forging and bolt blanks 
for heading. 


Annealing 

Induction heating is the ideal method of altering 
the character of metals for a special purpose. 
Annealing and its related process of tempering, 
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normalising and stress relieving are prominent 
in this category. In the case of annealing, one 
feature of the treatment is that it can be local- 
ised, while induction tempering can do in one 
minute what would require half-an-hour or 
more with conventional furnace heating. 


Brazing, soldering and welding 

Brazing and soldering by induction are the 
quickest and cleanest methods of joining metals 
together, and it is often beneficial to re-design 
the parts so that the fullest advantage can be 
taken of induction heating. ar 
Brazing can be used in the 

case of: carbide inserts for < 
tools, tips for rock drills, 
parts for universal joints a 
etc., while the many appli- 

cations of soldering, are 

well-known. It was not until 

well into the present century that the age-old 
craft of welding became a positive aid to greater 
productivity. Induction welding produces a good, 
clean weld because oxidation is almost absent. 


Miscellaneous Applications 

Induction heating can be profitably used for a 
large variety of purposes, including the fusion 
and hot pressing of powders, heating in vacuo, 
gas determination in metals, fusion of glass, 
chemical work and many other processes. 


- 
| For further information, get in touch with | 
} your Electricity Board or write direct to the | 
Electrical Development Association. | 
| Excellent reference books are available on 
| electricity and productivity (8/6 each or 9/- | 
| post free)—‘“‘Induction and Dielectric | 
Heating”’ is an example. 
| E.D.A. also have available on free loan a | 
| series of films on the industrial use of elec- | 
| tricity. Ask for a catalogue. | 
Issued by the Electrical Development Association, 
| 2 Savoy Hill, London W.C.2. | 
| 
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Cooling and sealing are carried out by injecting lubri- 
cating oil into the compression chambers and, unlike 
Other types of compressor, detergent oil of the correct 
grade can be employed, as there are no vanes or other 
wearing parts to be considered. The form of rotors is 
such that hydraulic locks are impossible and, owing to 
the absence of sliding frictional elements, oil life is much 
longer than in most other types of compressor. Friction 
is, in fact, reduced to the absolute minimum. The rotors 
have positive clearances within the stator casing, and the 
only friction is that between the engaging helices of the 
rotors. Since interlobe loading between the rotors is very 
light and also because of the existence of the cooling fluid, 
this rolling engagement results in only very small losses. 


Instrument for Checking Liner 
Wear in Free-Piston Gasifiers 


Originally constructed to the specification of The 
British Petroleum Co. Ltd. for the detection of wear 
during fuel testing, an instrument designed for checking 
liner wear in free-piston gasifiers has since been supplied 
by the manufacturers, British Indicators Ltd., of St. 
Albans, Herts., to several firms engaged in the produc- 
tion of free-piston gasifiers. 

In operation, the instrument is slid into the bore to be 
checked and is adjusted for centre height by means of 
four-arm spiders situated at either end. Traversing the 
tubular bed of the instrument is a sliding carriage, a close- 
up view of which is illustrated. This carriage mounts four 
dial indicators, the spindles of which are controlled by a 
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retracting ring, enabling the gauging contacts to be with- 
drawn from contact with the bore by turning a control 
knob. As a result, measurements can be taken at precise 
positions down the length of the bore. The indicators are 
calibrated to read 0-0001 in. and have 3-in. diameter dials 
to facilitate observation. Setting of the instrument is 
accomplished by reference to a master ring-gauge. 


Miniature Uniselector Rotary Switch 
for Automatic Systems 


Measuring only 3? x 23, x 1, in. and weighing 
12 0z, a miniature plug-in uniselector switch with 36 
outlets, introduced by Siemens Edison Swan Ltd., of 
London, W.C.2, is intended for a wide range of applica- 
tions in automatic systems where selection, registration, 
and outlet marking are required. In certain circuit 
arrangements, it should enable substantial savings to be 
made in the number of relays used. The unit is stated to 
be exceptionally reliable, so much so that it is capable of 
operating for two-million revolutions without any need 
for readjustment, with a working life of at least eight- 
million revolutions before requiring replacement. 

The three main elements of the uniselector, which is 
designed for operation on 22- or 50-V circuits and which 
incorporates its own spark-quench device, are shown in 
the illustration and comprise (left to right) a driving 
mechanism and wiper assembly, a bank of contacts, over 
which the wipers search at 60 steps a second, and a jack 





which is pre-wired and assembled to the mounting, en- 
abling the mechanism to be plugged in and out without 
disturbing any wiring. The driving mechanism is mounted 
on a Steel side-plate and has all parts readily accessible. 
It is operated by a ratchet-and-pawl system of the reverse- 
drive type, with a single driving magnet and a single 
break-action interrupter spring, set with tungsten con- 
tacts. The wiper assembly comprises three pairs of nickel- 
silver treble-ended wipers of either the bridging or non- 
bridging type. A number disc is incorporated. The bank 
comprises 36 contact segments arranged in three levels, 
the design of the bank being such that one of the arms of 
the wiper assembly is always touching a specially fitted 
solid contact segment, thus enabling feeder springs to be 
dispensed with. Another feature is that all wiring termi- 
nations to both the driving mechanism and the contact 
bank are made by means of a 42-point plug and jack. 
When plugged in, the uniselector is securely held in 
position by a spring clip. 


Double-Ended Flash Butt-Welding 
Machine 


A special double-ended flash butt-welding machine, 
introduced by A.I. Welding Machines Ltd., of London, 
S.W.1, is designed for application to workpieces com- 
prising three components, where the principal item has 
one smaller part to be joined to each end. A typical 
application is the welding of tractor links, the component 
in this case being produced from a central link bar (made 
from bar stock), at edch end of which is welded simul- 
taneousy a forged link-bar eye. 

The fixed central hydraulic clamp operates vertically 
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and exerts its pressure at two points through a floating 
horizontal compensating link, which divides a load of 
9 tons equally between both ends of the major component 
in the immediate vicinity of the welds. On either side of 
the central clamp is a transverse sliding head which 
carries a vertical hydraulic clamp for the secondary parts 
and applies the upsetting load from each end of the 
machine towards the centre. The upsetting pressure is 
transmitted to the sliding units mechanically through 
cams whose main drive is taken from a variable-speed 
gearbox, to provide adjustment of welding speed for 
different sizes and types of workpiece. Another adjust- 
ment for variation of workpiece is provided by a 5-in. 
linear movement on the two lower electrode > lag 

An automatic preheating system permits independent 
presetting of the number of preheat actuations and the 
duration of each. In operation, the principal component 
is located in the centre clamp, which is operated by a toe- 
switch. The left- and right-hand pieces are next loaded 
and secured, each clamp being controlled by an adjacent 
push-button. The welding cycle is initiated from push- 
button stations at either end of the machine, depending 
on the flow of parts to the welder. When welding is com- 
plete, all clamps release, and the sliding units return 
automatically to the loading position. With a fully auto- 
matic control and operating cycle, a high rate of produc- 
tion can be maintained, the welding of the largest com- 
ponent occupying about 50 sec. 


Multi-Purpose Rolling Machine 


Designed primarily for carrying out consecutive roll- 
ing operations in tube or rolled-steel sections, mainly for 
boiler and steel fabrication applications, the * Omni- 
dard ” Type-82 rolling machine, manufactured in France 
by L. Dard, S.A., of Paris, is a multi-purpose unit and is 
the only machine in its class to be equipped with rolling 
Suspension, so as to permit continuous correction of 
secondary deformations. 

The great advantage of the machine, the sole agents 
for which in Great Britain are Chamberlain Industries 
Limited, of London, E.10, is that it allows adjustment of 
the rollers, correcting natural deformation of the section. 
For example, opening out of the legs of a rolled-steel 
angle during rolling can be taken care of by a simple 
adjustment of the pressure roller. In addition, by a simi- 
lar adjustment, the circle or curve can be kept flat and 
true, so that no subsequent correction is required. The 
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machine is particularly useful when bending tubes, as the 
rolling suspension serves to support a fourth calibrating 
roller, which enables true bends to be made, with prac- 
tically no deformation of section. The machine can also 
be put to other uses, such as a circular saw, a circular 
shear, an edge moulder, and also as a machine for form- 
ing and then bending sections. 


Automatic Air Gauge for Roller 
Bearings 


A completely automatic air gauge for roller-bearing 
outer races has been produced by Teddington Industrial 
Equipment Ltd., of Sunbury-on-Thames, Middlesex. 
This gauge, the first of its kind to be installed in Great 
Britain, inspects in one operation both upper and lower 
inside and outside diameter, i.d. and o.d. taper, and 





width. 
different classes, comprising two accep .ble grades, three 


After inspection, the work is sorted into six 
* re-work *’ classifications, and scrap. 

The gauge is provided with a number of interchange- 
able gauging heads for various sizes of bearings. These 
heads use only direct jets for measurement, thus providing 
maximum reliability and strength of construction. In 
Operation, the parts are gravity-fed to the gauge, and the 
cycle of operations is controlled by a sequence controller. 
Races are loaded into the gauging position by a horizontal 
pneumatic ram, positioning them in a gauging-block 
which houses the nozzles for measurements of outside 
diameter and width. With the race in this position, a 
vertical pneumatic ram pushes a taper plug gauge into 
the race for measurements of internal diameter. Gauging 
takes place at this point in the cycle. The various gauging 
pressures Operate pressure-sensitive relays, which, in 
turn, Operate electrical switches to set the appropriate 
sorting gate. When gauging is completed, the vertical 
and horizontal rams retract and the complete cycle of 
operations starts again. 

As the next race is loaded into the gauging position, it 
pushes the part gauged previously into the segregator, 
which is a short length of belt running continuously, with 
solenoid-operated sorting gates mounted above. An 
acceptable part is allowed to pass through to the end of 
the segregator, but any other classification is deflected to 
the side by the appropriate gate. The gauging unit, con- 
trol panel, and segregator are shown in the illustration. 

This gauging machine is required, in this particular 
application, to have an inspection rate of 600 races per 
hour, but it can operate at more than twice this speed. 


ERRATUM 
It is regretted that, in the descriptions of the “‘ Double-Headed 
Keyway and Cotter-Hole Cutting Machine ’’ and the ** Heavy-Duty 
Turret Punch Press *’ on pages 495 and 496 respectively of our issue 
for November 1958, the illustrations were interchanged. 
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ADDITIONAL ABSTRACTS 


IT Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns are regularly 
included in condensed form in this section. Subscribers may obtain photostat copies of all original articles at cost. 





Effects of Chemical Composition on the Cracking Resis- 
tance of High-Strength Weld Metals. 

By R. P. SopHer. (From The Welding Journal, U.S.A., 
Vol. 37, No. 11, November 1958, pp. 481s—492s, 21 
illustrations.) 

WELD-METAL cracking is a major problem in fabricating 

weldments from high-strength steel. Studies of weld- 

metal hot-cracking have shown that the cracking is inter- 
granular. The separation at the grain boundary would 
not occur if stresses were not applied. However, in al- 

most any arc-weld deposit there are tension stresses as a 

result of contraction during cooling from the liquid state. 

Information was needed, however, to establish the resi- 

dual or alloying elements contributing to intergranular 

failures of weld metals. 

As described in this paper, a study has been made to 
determine the effects of carbon, sulphur, phosphorus, 
and rare-earth metal on the cracking resistance of high- 
strength-steel weld metals. Experimental equipment was 
designed and built to determine the strength and ductility 
properties of the high-strength steel under conditions 
simulating the cooling of a weld deposit. The properties 
were obtained during rapid cooling from the liquid state. 

Emphasis is placed on determining the causes of 
cracking at temperatures near the solidus. The adverse 
effects of sulphur on the hot-cracking of welds are illus- 
trated. Carbon in the range from 0:20 to 0-59°, has little 
effect on hot cracking. Simulated weld metals containing 
0:039°,, phosphorus have considerably lower ductility 
and fracture strength in the temperature range from 2300 
to 2600°F than weld metals containing 0-004 and 0-017°, 
phosphorus. These results show that phosphorus, 
although within the specification limits of aircraft- 
quality steels, is responsible for low ductility and 
cracking of welds at temperatures near the solidus. The 
addition of rare-earth metal to normal sulphur steels im- 
proves high-temperature ductility and strength signifi- 
cantly. This improvement in properties of the treated 
weld metals is obtained by producing more desirable 
types of inclusions in the weld deposit. 

The results of the high-temperature tension tests are 
compared with the susceptibility of the alloys to cracking 
when deposited by arc welding. Those alloys which 
exhibit poor ductility several hundred degrees below the 
solidus temperature also exhibit poor cracking resistance. 
If the alloys exhibit good ductility, sound welds are de- 
posited. c2 

The study describes a new method of determining the 
causes of cracking in weld metals. The results illustrate 
that crack-free welds containing higher-than-normal car- 
bon content may be deposited under restrained condi- 
tions. As a result, weldments may be fabricated and sub- 
sequently heat-treated to levels of very high strength. 


The Basic Geometric Principles of X-Ray Photogram- 


metry. ' 
By B. HALLERT. (From Transactions of the Royal Institute 

of Technology, Stockholm, Sweden, No. 123, 1958, 

54 pages, 18 illustrations.) ; ro! 
IN this paper, the basic geometric principles of X-ray 
dhotogrammetry have been treated in a similar way as in 
photogrammetry in general. In particular, the funda- 
mental projective relations between points in the object 
and the corresponding points in the images have been 
derived in a general way and as differential formulae, 
assuming that the errors of the elements of orientation 
are sufficiently small: This case is of particular impori- 
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ance for practical applications. The differential formulae 
were used for the derivation of the errors of the co-ordi- 
nates of reconstructed points and also for the demon- 
stration of the model deformations when stereoscopic 
X-ray photographs are examined. 

In addition, the error propagation procedure from the 
basic measurements to the final co-ordinates has been 
demonstrated and two methods derived for a statistical 
determination of the basic errors which limit the X-ray 
measuring procedure. The first method, called the grid 
method, is founded on the photography of an accurate 
plane point system. From simple co-ordinate measure- 
ments in the photograph and simple computations with 
the derived formulae systems, the basic qualities of the 
fundamental bundles of rays can be determined. The 
standard error of the image co-ordinate measurements, 
as computed with the aid of the method of the least 
squares in the way demonstrated, gives a unique deter- 
mination of the basic limitation of the X-ray measuring 
procedure. The second method, known as the y-parallax 
method, is founded on the conditions of the relative 
orientation of stereoscopic X-ray photographs. With this 
simple method, another test of the fundamental bundles 
of rays can be performed with the aid of y-parallax 
measurements only. The standard error of the y-parallax 
measurements, as computed from the demonstrated for- 
mulae systems in accordance with the method of the least 
squares, means a basic factor from which the accuracy 
conditions of X-ray photogrammetry can be determined. 


The Advantages of a Pneumatic Electric Power System for 
High-Mach-Number Aircraft. 

By M. A. SLavin. (From Applications and Industry 
(A.LE.E.), U.S.A., No. 38, September 1958, pp. 283- 
288, 2 illustrations.) 

As the speed of aircraft increases, the capability of the 
accessory power equipment to meet the added require- 
ments imposed must also increase. The important need 
is for these capabilities to occur in time to be used on the 
aircraft, and one of the most difficult problems created 
by the increasing speed of aircraft is the accompanying 
increase in ambient temperature. The choice of one type 
of accessory system over another could be determined by 
the amount of cooling each would require to meet these 
high-temperature applications. In most cases, the greater 
the cooling requirement, the greater is the penalty in air- 
craft performance. 

A pneumatically driven electric power system, called 
a turbonator, comprising an integral turbine wheel and 
generator capable of operating in an environment created 
by Mach 3 flight, is presented in this paper. The turbo- 
nator requires no external cooling for the two major 
heat-dissipating components, i.e., the drive and the 
generator. In addition, this system can be designed so 
that the penalty due to power extraction can be made 
competitive with engine-shaft-powered accessory systems. 
This pneumatically driven electric system is therefore 
capable of reducing aircraft cooling penalties with no 
expense in power-extraction penalties. 

As a result of this investigation, which is based on a 
study of two Mach 3 aircraft, one a single-engined inter- 
ceptor-type with one 90-kVA generator, 2nd the other a 
six-engined bomber-type with four 90-kVA generators, 
the following conclusions have been derived :— 

(1) Generating secondary power in high-performance 
aircraft has a small effect on performance. Since the effect 
on aircraft performance is the small difference between 
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some very large numbers, a slight error in these large 
numbers can cause penalty differences as great as the 
penalties themselves. To obtain the relative change in 
aircraft performance for various accessory systems 
computer-type evaluations are required. 

(2) For a reasonable bomber mission of over four 
hours in duration, a hydraulic constant-speed drive system 
and the turbonator system exhausting to ambient are 
essentially a stand-off with respect to range penalty. The 
two systems are also a stand-off for an interceptor-type 
aircraft. 

(3) Greater consideration in the selection of a second- 
ary power system should be given to a complete evalu- 
ation of such factors as maintenance, location, reliability, 
etc. The choice of the electric system will also depend on 
what other accessory systems are required, so that a 
similar analysis is recommended for the entire accessory 
system. 

(4) For missions of long duration, the turbonator 
system shows an advantage, as the cooling penalty of the 
hydraulic constant-speed drive and generator becomes 
quite large. 

(5) A turbonator system which exhausts into the 
engine secondary air stream can have significantly lower 
penalties to the aircraft performance than either of the 
other two systems. 


The Corrosion Resistance of Ductile Iron. 
By F. L. LAQue. (From Corrosion, U.S.A., Vol. 14, No. 
10, October 1958, pp. 55-62, 8 illustrations.) 

DuctTILe iron, with its spheroidal form of graphite, in 
which the surface-area to volume ratio of the graphite 
particles is at a minimum, presents a continuous matrix 
of iron with only minor discontinuities caused by the 
presence of graphite particles. Thus, a much greater 
realization of the mechanical properties of the iron 
matrix, which in fact is a steel, is achieved. Ductile iron 
can therefore be regarded as a material which enjoys the 
foundry characteristics of grey iron and mechanical 
properties similar to those of steel. The structure of the 
iron matrix can be controlled by compositional variations 
and heat treatment to produce properties ranging from 
60,000 psi tensile strength with high ductility (i.e., over 
20°, elongation), to over 150,000 psi tensile strength with 
2 to 4°, elongation. 

In this paper the internal structure of ordinary grey 
iron, pearlitic ductile iron, ferritic ductile iron, malleable 
iron, and mild steel are compared. Differences in the 
amount of carbon present and in the form in which it 
occurs are responsible for some differences in the corro- 
sion behaviour of these materials, and this is explained 
on the basis of the electrochemical reactions which occur 
during corrosion. As corrosion proceeds, the graphite 
present in the cast materials may accumulate as a 
graphitic layer on the surface. The adherence and perme- 
ability of such graphitic layers and their influence on 
subsequent corrosion and on galvanic behaviour are dis- 
cussed. Corrosion data in acids, in neutral and alkaline 
solutions, in sea water, in the atmosphere and under- 
ground, in miscellaneous environments, and under condi- 
tions involving erosion are presented, and it appears that 
ductile iron has satisfactory corrosion-resisting properties 
which permit its use where grey iron, malleable iron, or 
steel are regularly employed. 


Tensile and Compressive Properties of Fibreglass-Rein- 
forced Laminates. 
By R. E. CHaAmsBers and F. J. MCGARRY. (From ASTM 
Bulletin, U.S.A., No. 233, October 1958, pp. 40-44, 
9 illustrations.) 
CERTAIN manifestations of the tendency of laminates par- 
tially to fail internally under stressing have been observed 
in laboratory strength-testing programmes and in the per- 
formance of fibreglass-reinforced plastic pipe. A more 
complete identification of the action and its ramifications 
has recently been obtained and is described in this paper. 
A new technique has been developed, using integrally 
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bonded foil resistance strain gauges, and permits interior- 
distortion measurements to be made through the thick- 
ness of fibreglass-plastic laminates. As a result, a detailed 
examination of orthotropic theory and evaluation of the 
effects of certain parameter variations have been found 
possible. Detailed studies of tensile, compressive, and 
flexural actions have established a consistent correlation 
between such actions and indicate that partial failure of 
the resin during tensile stressing takes place both in uni- 
axial and flexural tests. This failure, indicated by the 

*“knee” in the stress-strain curve, has been further 
verified by moisture absorption under prolonged water 
immersion of laminate specimens before and after tensile 
stressing. Practical implications of this partial failure 
have also been noted. 

The conclusions derived from this investigation may 
be summed up as follows : 

(1) In the tensile behaviour of fibreglass-resin lami- 
nates, partial internal failures of the structure take place 
at stress levels which are low compared with the ultimate 
strength of the material, and progress as the stress level 
under cyclic loading is increased. Such failures, however, 
do not appear to occur under compressive stressing. 

(2) The flexural behaviour of fibreglass-resin laminates 
strongly reflects their tensile limitations and appears to 
be controlled by them. At higher stress levels, the stress 
and strain distributions in flexural elements depart rather 
strongly from_those classically: predicted ; the evalua- 
tions of the flexural properties are therefore incorrect 
when using the conventional simple formulae cited in 
most testing procedures. 

(3) The hypothesis that the internal failure mechan- 
ism under tension is a fracture failure would appear to 
be confirmed. 

(4) The process of water immersion after stressing to 
various levels may be useful in laminate research, espe- 
cially in the study of the effects of resin variables. 


The “ Deplistor *’ Semiconductor Switching Device. 
By O. W. MEMELINK. (From Philips Research Reports, 
Holland, Vol. 13, No. 5, October 1958, pp. 485-488, 
3 illustrations.) 
MAKING use of the depletion region surrounding an 
alloy contact biased in the reverse direction, the “* deplis- 
tor”’ is a three-terminal semiconductor device which, 
under certain circuit conditions, exhibits a negative diff- 
erential resistance in the current-voltage relationship 
between two of its terminals. The device comprises a 
large n-type contact (the ** control *’), alloyed into a thin 
circular wafer of intrinsic germanium opposite a small 
p-type alloy contact (the ** surge *’), the third contact, an 
n-type “‘ base” ring, being alloyed along the circum- 
ference of the wafer. 

The operation of the deplistor is discussed in this 
report by means of curves obtained from measurements 
on an experimental sample. When measured between 
surge and base the deplistor has two different states of 
operation, i.e., (1) the “* non-conducting ” state, in which 
the externally applied voltage is smaller than the con- 
trol potential, and control and surge are in the reverse 
condition and carry small saturated currents, and (2) the 
** conducting ” state, in which the surge current is greater 
than zero, and the externally applied voltage is appiox- 
imately equal to the control potential, while the control 
current is approximately twice the surge current. 

Appropriate circuit conditions allow the deplistor to 
be used as a switching element with a negative differen- 
tial resistance, the switching time depending on the time 
necessary to build up the high excess concentrations 
between _— and base when switching from the “‘ off ”’ 
to the * state. As the distance between surge and 
base is of. the order of the diffusion length and the trans- 
port of carriers occurs mainly by diffusion, the time of 
response will be of the same order as the effective lifetime 
of electrons and holes. Switching times of 5 to 20 psec 
found during the tests appear to conform with this 
mechanism. 
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INJECTION-MOULDING MACHINE WITH 
PLANETARY ADJUSTMENT FOR MOULD 
HEIGHT 

A new type of injection-moulding machine for plastics, 
developed by The Fellows Gear Shaper Company, of 
Springfield, Vermont, is a packaged unit, supplied com- 
plete with all temperature, time, pressure, and speed con- 
trols, a flange-mounted pump and motor unit, and 
cooling system for hydraulics and moulds built into the 
machine. A special planetary-gear device is also incor- 
porated, to permit easy and rapid adjustment for mould 
height. By merely turning a ratchet wrench, a simple 
gear-train adjusts all four tie-rods at once, thereby 
assuring a positive and uniform clamp of 200 tons on the 
mould. 

By means of an oil cylinder controlled by a hand 
valve, the entire press as a unit can be moved away from 
the nozzle, minimizing set-up time. Stroke adjustments 


from 6 to 9 in. on the press end, and from 6 to 8} in. on 
the rapid-advance injection end permit a range of “ dry- 
run ” speeds from 490 to 650 cycles per hour, facilitating 
the handling of small parts. 





Another feature of the new design is that all sides of 
the mould platens are readily accessible to permit the use 
of auxiliary cylinders, hoses, conveyors, etc. Even the 
safety doors, which are interlocked hydraulically and 
electrically to open the press if the safety door is opened, 
are well out from the sides of the press. All hydraulics are 
externally mounted on the back of the machine for easy 
accessibility, and all electrical controls are grouped in 
oil-tight compartments in such a way that all power is 
shut off before the electrical compartment door can be 
opened. 

The new machine fills the gap between large and small 
presses, and is capable of handling up to 6 oz of poly- 
styrene with one stroke of the 20,000-psi water-cooled 
nitralloy injection plunger. 


HYDROGEN PURIFIER 

A new purifier, producing hydrogen free from all 
impurities, is announced by the Chemical Division of 
Engelhard Industries, Inc. The purifier, which utilizes 
the Engelhard palladium process, uses commercial 
cylinder hydrogen as a source of supply. The initial 
production model has a flow rate of 20 cubic feet per 
hour, but purifiers for larger rates can be constructed to 
meet specifications. 

The new unit has a built-in 100-W heater, providing 
an operating temperature of 300°C. Before being heated 
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and Equipment 


to operating temperature it is evacuated to prevent 
hydrogen from joining with the palladium at 150°C to 
form the brittle beta phase of the palladium-hydrogen 
system. A vacuum switch prevents the heater from being 
turned on until evacuation is completed. When the 
system reaches 300°C, the vacuum is removed and the 
hydrogen is fed to the purifier. Pure hydrogen diffuses 
through the palladium, leaving behind all nitrogen, water 
vapour, hydrocarbons, and other impurities. To prevent 
impurities from accumulating in the palladium tubes, a 
small stream of the feed hydrogen is bled from the system 
and burned at a stack. When the required volume of 
purified hydrogen has been produced, hydrogen flow is 
stopped and the system must be evacuated again before a 
vacuum switch will allow the heating current to be 
turned off. 

VERTICAL SHAVING MACHINE FOR VERY 

LARGE GEARS 

Stated to be the largest in the world, a new type of 
vertical shaving machine, announced by the Michigan 
Tool Company, of Detroit, Michigan, is capable of 
finishing gears of from 80 to 200 in. diameter and face 
widths up to 74 in. Designated model V-200, the new 
machine is designed for extremely accurate work. Thus, 
the supporting table rotates to within 0:0002 in. concen- 
tricity and is accurate to within 0-0002 in. of run-out in 
the fiat plane of rotation, this accuracy being maintained 
even under maximum table loads of 150,000 Ib for the 
workpiece, plus 50,000 Ib for the fixture. 

Manufacturing advantages of the machine are claimed 
to include virtual elimination of costly lapping and extra 
finishing time, greater precision control of involute forms, 
and the ability to incorporate controlled tip relief in the 
tooth form of the gear. In addition, surfaces can be 
fini.-hed as fine as 12 micro-inches, the average finish 
of lapped gears of comparable size being about 40 micro- 
inches, while hobbing times are reduced, as multiple- 
thread holes can be used for roughing and semi-finishing 
large gears prior to shaving. Finally, gear checking is 
simplified, as the machine is equipped with facilities for 
mounting instruments for continuous checking of large 
gears while these are on the machine. 

The extreme accuracy of the machine assembly in the 
user’s plant is ensured by a strain-gauge technique, in 
which strain gauges, levelling pads, and a sensitive spirit- 
level are used during assembly to maintain levelling accu- 
racy to within 0-0002 in., continuous records being kept 
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of any deflection. When the machine is re-assembled at 
the plant, the same strain gauges and readings ensure 
accuracy of assembly and maintenance of built-in preci- 
sion, to provide exact weight distribution. 

For rapid shaving, the machine is equipped with dual 
cutting heads, independently adjustable for correct angle. 
The upper cutter is also adjustable for height. The use of 
two heads substantially reduces cutting time, especially 
in the case of herringbone gears, as each cutter shaves one 
helix face simultaneously. Gear-shaped rotary cutters 
with serrated teeth, providing a series of cutting edges, 
can be used. Each cutter has a wide groove in its central 
section, providing two shaving zones on each gear, each 
zone guiding and steadying the other. Cutters from 7 to 
12 in. in diameter and up to 3 in. in width can be accom- 
modated. The cutter-hole size is 24 in. During cutting, 
the cutter is slowly reciprocated up and down across the 
face of the work. The rotary cutter and the gear rotate in 
mesh, with the work driving, but the mounting axes of 
the gear and cutter are not parallel, i.e., a crossed-axes 
shaving technique is employed. 

The table (178 in. in diameter), fixture, and work are 
supported by a pressure-oil film, which is adjustable in 
accordance with varying table loads, the table-drive speed 
being infinitely variable between 0-93 and 15:16 rpm. In- 
ternal or external spur gears, helical, or herringbone 
gears, with or without integral shafts, can be shaved 
satisfactorily, the maximum shaft diameter being 403 in. 


UNIVERSAL TESTING MACHINE 

By virtue of its special design, the new Model UEH 
universal testing machine developed by the Tatnall Mea- 
suring Systems Company, of Phoenixville, Penn., a sub- 
sidiary of The Budd Company, enables tension and com- 
pression tests to be performed in the same test area, 
eliminating any need to move the specimen or component 
from one part of the machine to another. 

Basically, the machine, which can exert up to 400,000- 
Ib tension or compression on metal specimens, compo- 
nents, or structures, comprises two sections, i.e., the press 
section and a control console (shown on the right of the 
illustration), which incorporates electrically driven hy- 
draulic pumps, control components, and an indicator 
dial. A particular feature of the machine is the special de- 
sign of hydraulic grips, which ensure that only desired 
tension or compression loads are imposed on the speci- 
men, misleading loads such as bending or tension forces 
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being entirely eliminated. The grips also provide greatly 
increased gripping effectiveness, can be remotely and 
individually controlled, permitting specimens to be in- 
serted or removed with ease, and can accommodate very 
small and very large specimens equally well. Further- 
more, grip pressure can be controlled, in accordance with 
the hardness and type of specimen. The upper hydraulic 
grip and load-cell capsule are incorporated in the cross- 
head, while the lower grip is in the bottom platen. 

The crosshead may be positioned hydraulically along 
the entire length of the smooth steel vertical support 
columns, and can then be locked into position under a 
pressure of 10,000 psi. The maximum vertical opening 
between the grips is 66 in., and the horizontal distance 
between support columns 36 in. The electrical weighing 
system for measuring the load applied to the specimen 
operates with a maximum speed of response, and the 
machine can be programmed electronically to apply 
loads in various ways. Thus, it can be made to hold a 
given load, to apply loads at constantly varying rates, or 
to reverse loads from tension to compression as many 
times as required. Read-out of the forces applied by the 
machine, which does not require a special pit installation 
but can be located directly on the floor of a building, 
can be shown on a dial of 30-in. diameter, by digital 
indication, and by permanent graphic recordings. 


VIBRATION STRAIN GAUGES 

Two new types of vibration strain gauges have been 
produced by Technical Ceramics Ltd., of Towcester, 
Northamptonshire, which can be used in a wide variety of 
applications for the determination and analysis of 
dynamic strain. Available either as expander or bender 
elements, these gauges are made of a special piezoelectric 
ceramic having a wide temperature range and a flat 
temperature coefficient. 

The expander gauge consists of a strip of piezoelectric 
ceramic silvered and polarized across the thickness dimen- 
sions, with the lower silvering carried round the top to 
facilitate electrical connection. These elements have 
extremely high sensitivities, of the order of several 
hundred times that obtainable with wire strain-gauges, 
the high-frequency limit usually being determined by the 
structure under analysis. 

The bender gauge consists of a sandwich of thin 
piezoelectric ceramic and brass foil, responding to bend- 
ing movement. The foils must be mounted at a point of 
maximum bending and can produce an output of over 
1 V with a deflection of 0-001 in. These gauges can be 
supplied with a high capacitance, permitting analysis of 
low-frequency vibrations. 

In addition to the use of these ceramic gauges as 
vibration pick-ups, they may also be used for generating 
vibrations in a structure by application of alternating 
voltage to the transducer. At resonance, a considerable 
displacement of the structure is obtained with a very low 
power input to the element. The transducers are so small 
that they do not materially effect the vibrational char- 
acteristics of the structure. 


NEW TYPE OF LONG-PERSISTENCE SCREEN 
PHOSPHOR 

A new type of screen phosphor with the property of 
storing, for periods of up to twenty minutes, images 
which can then be released by shining infra-red light on 
the face of the cathode-ray tube, has been developed by 
the Electronics Department of Ferranti Limited, of 
Hollinwood, Manchester. This property of storing 
images for such long periods makes the new phosphor 
especially suitable for radar applications in which images 
previously received can be made visible at will. For 
example, if the phosphor is used in a radar tube, it is 
possible to store a long succession of radar images, so 
that a clear indication of the path of a moving echo can 
be obtained over a period of several minutes. 

Traditionally, the storage of images has been achieved 
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by means of a long-persistence phosphor, but there are 
many drawbacks to the use of such phosphors, chief 
among these being the difficulty of storing information 
for a period of several minutes before viewing. Any 
attempt to do this would require such intense traces that 
permanent phosphor damage would occur. A solution 
to this and other prob!ems associated with long-persistence 
phosphors is found in the use of the new phosphors 
whose afterglow is under the control of the operator and 
may be released at any moment at an intensity which will 
ensure that no persistent image remains when the next 
field is presented. For this purpose, an infra-red source is 
arranged so as to illuminate the whole screen of the tube 
uniformly when switched on, with provision for its inten- 
sity to be varied, a suitable method being by means of a 
viewing hood in which a number of small filament lamps 
have been mounted facing the screen. Each lamp is 
carefully screened by means of a filter, eliminating as 
much as possible of the visible illumination, whilst 
passing the short and medium infra-red. 

The phosphor combination dzposited on the face of 
the cathode-ray tube can be varied in composition, de- 
pending on the application, but its mode of action 
remains the same in every case. Two distinct layers are 
normally provided, the layer nearer to the observer being 
the storage phosphor, while the other, a “ backing” 


layer, is a material capable of converting electron energy 
into blue, violet, or ultra-violet light. 


RANDOM-ACCESS MEMORY SYSTEM WITH 
APERTURED FERRITE PLATE 

The new Model 3122 random-access store (Fig. 1), 
one of a series of random-access memory systems manu- 
factured by Rese Engineering, Inc., of Philadelphia, 
Penn., for the data-processing industry, has an access 
time of 12 microseconds, with random access for both 
writing and reading. Read and write access cycles may be 
arbitrarily mixed, and synchronous internal timing, or 
synchronous or asynchronous external timing, may be 
employed, depending on requirements. 

The new system uses solid-state circuitry throughout 
and is the first commercially available memory system to 
use the RCA standard apertured ferrite memory plate for 
the storage medium. Using a topological technique 
developed at Rese, the output signal-to-noise ratio of the 
plate read-out signals is comparable with that usually 
associated with coincident-current core memory planes. 
The advantages of low access drive currents and high 
reliability of plate stores have been incorporated, using a 
minimum number of active circuit elements. 











Fig. 1. 
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Fig. 2 

All logic, power supplies, current switching, and 
signal amplification in the memory system are transistor- 
operated and are mounted on etched, glass-epoxy plug-in 
boards. A standard 27-board modular assembly, showing 
one of these boards, is illustrated in Fig. 2. Diodes and 
transistors are derated to conform to reliable computer 
end-point operation. The store is self-contained in a 
30-in. rack cabinet, and no supplemental cooling is re- 
quired, the operating temperature range being from 65 
to 105°F. Input and output connections are made at the 
rear of the unit, using plug connectors. Simple front panel 
controls are provided for a.c. power, operating-mode 
selection, internal clock frequency, manual clear, cycle 
initiation, and manual stop. Front panel indicators show 
the contents of a given address. 

The store is capable of expansion in both storage 
capacity and word length to fit particular applications. 
Standard parity circuits can be provided to check memory 
input and output data. For added functional flexibility, 
the character register may be a shifting register to accom- 
modate input and/or output characters in serial form and 
to provide conversion between serial and parallel forms. 
Also, the address register may be converted to a binary 
or decimal counter, which may cycle continuously or 
cycle to a preset count. A signal, indicating maximum 
count, can also be provided. For particular applications 
the counter can be provided as a reversible device for 
counting up or down. 


SELECTIVE-PLATING TECHNIQUE FOR 
ANEROID ELEMENTS 

A new production technique, developed by Dalic 
Metachemical Ltd., of Toronto, Canada, enables the 
aneroid elements of barometers, altimeters, depth 
gauges, and other pressure-sensitive devices to be soldered 
without flux, thus eliminating the possibility of leaving 
corrosive material inside the diaphragm. 

Usually, the oxide film of heat-treated diaphragms is 
ground or lapped off, and the edges are then tinned for 
soldering. Even the slightest amount of flux left behind 
may cause internal corrosion and subsequent leakage of 
the diaphragm. Now, however, the new selective-plating 
techniques and solutions, which may be used on dia- 
phragms of silver, beryllium-copper, stainless steel, 
aluminium, and many other alloys, avoid hand cleaning 
and possible mechanical damage. Diaphragms are de- 
oxidized electrolytically and rinsed, and mating surfaces 
are then immediately plated with a flash of tin, or tin- 
lead alloy, which will permit soldering without using 
flux. Halves should be joined within a few days, because 
the tin or tin alloy deposit will age, making it difficult for 
the solder to wet the surface. When parts have to be 
stored for longer periods prior to soldering, a flash coat 
of gold is preferred, because it will not oxidize. A second 
method eliminates not only the flux, but manual soldering 
as well. After cleaning, 0-0005 in. of tin or tin/lead are 
deposited on each contact edge. Clamped diaphragms 
are then passed through a controlled atmosphere oven at 
500°F, where an exposure of 5 min achieves a strong, 
leak-proof diffusion seal. 

Dalic plating requires a special rectifier, whose cathode 
lead is clamped to the diaphragm itself, with the positive 
lead connected to a graphite anode in a stylus. After 
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wrapping the graphite with long-fibre cotton, and satur- 
ating it with the proper electrolyte, the wet stylus is 
passed over the exact area to be plated. Thus, finely con- 
trolled and sharply defined deposits are possible without 
extensive masking. Moreover, with a quick change of 
anode and solution, almost any metal can be deposited 
on any other, without large and costly tanks or a heavy 
investment in electrolytes. 

The process can also be used to provide anti-corrosive, 
non-porous finishes for complete instrument assemblies 
and housing, to simplify soldering of aluminium and 
alloys, to build up overmachined parts to correct dimen- 
sions, to ensure precision’ fits between bearing and 
housings, to protect local areas during carburizing or 
hardening, to produce electroforms, to improve wear 
resistance, to reduce arcing, and to perform many similar 
production and maintenance operations. 


INFINITELY VARIABLE SPEED UNIVERSAL AND 
TOOL-GRINDING MACHINE 

The new “ Covel No. 32 ” universal and tool-grinding 
machine announced by the Covel Manufacturing Com- 
pany, of Benton Harbor, Michigan, has a fine transverse 
and longitudinal feed for circular form tool work, and 
uses cup wheels for practically all clearance angles, pro- 
ducing a stronger, longer-lasting cutting edge on tools. 





Precision carbide-tipped Swiss-type dial indicators 
are provided for direct reading of measurements of the 
movements. For the table and headstock, an infinitely 
variable electronic speed control is provided, headstock 
speeds being variable between 50 and 400 rpm. The 
standard spindle-speed range is between 2900 and 6000 
rpm, the cylindrical grinding-spindle speed is 1800 rpm, 
and the table speeds are infinitely variable from 0 to 144 
ipm. Degrees of clearance are easy to establish. The tilt 
adjustment has a small pinion which engages a gear seg- 
ment on the tilting head, and the swivel and tilt clamps 
are quick-acting. The use of a positive quick-set tilting 
lock and swivelling lock helps to achieve fine adjustment 
for tilt. 


HEAVY-DUTY RADIAL ROUTER WITH THREE- 
DIMENSIONAL COPYING EQUIPMENT 

The new heavy-duty radial router with three-dimen- 
sional copying equipment, announced by Wadkin Ltd., 
of Leicester, is designed to enable high-speed routing 
techniques to be applied to work previously done on far 
slower and more expensive die-sinking and copying 
machines. The maximum component depth that can be 
worked is 16 in., and the maximum contour depth 6 in. 

The router head carries a special back-slide which in- 
corporates a hydraulic cylinder. This cylinder is actuated 
by an overhead stylus which contacts a model secured on 
a carrier above the router head, and imparts an inverse 
movement to the head. The stylus has a vertical adjust- 
ment of 3 in. on any one setting. In addition, the head- 
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slide also carries a hand-operated adjustment of 12 in. 

The 124-hp router head runs at 18,000 and 12,000 
rpm and is carried on a rigid arm having an effective 
radius of 73 in. maximum and 33 in. minimum. The arm 
moves on ball-bearing rollers housed in a carriage 
mounted on a barrel located in the main frame. The 
entire arm mounting is designed to ensure absolute 
accuracy on all movements, to prevent deflection of the 
head at all positions, and to maintain the router head 
square with the table at all times. A powerful lock is 
fitted to the arm to permit sweeps to be made with the 
arm locked at any required position. A similar pneu- 
matic lock to the rotating movement on the barrel can 
also be provided. The locks are actuated from a lever on 
the operating handle of the machine, giving the operator 
convenient and instant control of all movements. 

The overhead template structure is supported by 
substantial vertical columns, and the work-table may be 
either fixed or provided with a power-operated rise- -and- 
fall movement, the working surface of the table being 
84 = 36in. An alternative arrangement has a table sur- 
face of 152 30 in., with the router mounted on a bed 
and power-traversed. 


ROTARY TABLE FOR CALIBRATING 
GYROSCOPES 
Providing a stationary platform divorced from the 
rotation of the earth, a new tilting rotary table, announced 
by the Pratt & Whitney Co. Inc., of West Hartford, 
Conn., has been specially developed for the calibration 
and testing of navigational gyroscopes, such as those used 
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in missile and rocket development. In effect, the new 
rotary table places the instrument under test in the same 
environment that would exist if the instrument were rest- 
ing on a stationary platform out in space. 

To counteract the rotation of the earth, the table is 
designed to rotate at an angle correlated to the path of a 
selected star and at a speed based on intervals in the side- 
real day, but in the opposite direction. Since it is neces- 
sary to establish very accurately the 5-deg. intervals in 
the sidereal day and to pass this information on to com- 
puting equipment for calibrating the gyroscope, the table 
is equipped with a special high-precision measuring sys- 
tem, the “* Electrolimit ”. A’ special rim mounted on the 
24-in. standard table face-plate is equipped with Electro- 
limit lugs spaced 5-deg. apart. As the table rotates, an 
Electrolimit sensing head picks up the magnetic centre of 
each lug and passes an output signal to the computing 
equipment, which in turn sets up the machinery for cali- 
trating the gyroscope. 

The tolerances for various degree points are held to a 
small fraction of 1°,,. The tilt of the table is manually set 
and is not changed during the rotation cycle. The cabinet 
on which the table is mounted is designed both to posi- 
tion the table at the most efficient working level and also 
to house the two synchronous motors and gearbox for 
rotating the table at exactly the speed desired. 


WATERTIGHT LIMIT-SWITCH 

Intended for applications where complete submersion 
is involved, a new watertight limit-switch developed by 
Brookhirst Switchgear Ltd., of Chester, is a single-pole, 
self-resetting, snap-action unit which may be arranged 
either for direct operation (push-button action) or by 
means of a roller lever. The push-button type requires an 
operating force of 6 Ib and an operating movement of 
4 in., with a permissible overtravel of 3 in. In the case of 
the roller-lever switch, these figures are 3} Ib, 3 in., and 
§; in., respectively. 





The switch, which can be arranged for side or base 
fixing, is suitable for a.c. and d.c. control circuits, and is 
rated up to 550 V and a maximum current of 10 A a.c. 
It can be connected to operate as a normally closed or 
normally open switch for single circuits, or both sets of 
contacts can be used, one to break and the other to make 
circuit when the plunger is depressed. 


PRECISION DASHPOTS FOR RESEARCH 
APPARATUS 

Basically intended for damping vibrations or for 
cushioning and halting linear or rotary motion in servo- 
mechanisms in research equipment, the new “ Kinetrol ” 
precision dashpot announced by Kinetrol Ltd., of Farn- 
ham, Surrey, has a damping rate varying from 50 to 
2000 Ib-in. per radian per second, the maximum safe 
torque being 250 Ib-in. The standard model is 2:4 in. in 
height and 2-5 in. in diameter, and weighs only 8 oz, but 
other sizes can be constructed to order. 

The movement to be halted or damped is applied to 
the dashpot by means of a lever or directly to a serrated 
spindle at one end. The mechanism comprises two vanes 
rotating on a spindle in a cylinder of silicone fluid which, 
owing to its very small variation in viscosity, tends to 
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ensure that the performance of the dashpot is constant 
over a wide temperature range. The cylinder itself has 
two similar vanes attached to its inner wall, permitting 
60 deg. of rotation before the two sets of vanes meet. 
The vanes on the rotating spindle do not quite contact the 
cylinder wall ; similarly, the fixed vanes on the cylinder 
do not quite contact the spindle. As a result, the fluid 
displaced by the rotating vanes must escape through the 
narrow gaps between the fixed: vanes and the spindle, 
producing the damping or cushioning effect. The design 
of the gaps and the viscous nature of the silicone fluid 
used ensure laminar flow, so that the resisting torque is 
proportional to the angular velocity of the applied move- 
ment. To prevent leakage of fluid, a special elastic seal 
is incorporated in the dashpot, which can be used in any 
position. Furthermore, air pockets cannot form, and 
there is no backlash. 


METAL-SPUTTERING TECHNIQUE FOR 
PRODUCING PRINTED CIRCUITS 

Recent research in cathode metal sputtering at the 
Bell Telephone Laboratories, New York, indicates that 
this technique may be useful in producing precision printed 
circuits for modern communication equipment. In fact, 
it now appears that entire circuits, including resistors, 
capacitors, and leads, may be laid down by this tech- 
nique, in which ionized gas molecules bombard a cathode, 
dislodging atoms of metal which then redeposit on 
nearby surfaces. 

Thin films of a number of electrically interesting 
metals with high melting points have been produced. 
Tantalum and titanium, for example, melting at 3000°C 
and 1670°C respectively, can be laid down in films which 
show sufficiently high resistivity to be useful as resistors 
in printed circuits. With proper masking of the substrate, 
lines and patterns of practically any desired shape and 
size can be formed, ranging in width down to a few mils. 
These sputtered films are generally between a few hun- 
dred and a few thousand Angstroms thick. In addition 
to pure metals, alloys such as those of nickel-copper and 
nickel-chromium can be sputtered without difficulty, 
apparently retaining their approximate original com- 
position. 

‘** Printed * capacitors have also been produced, in 
this case by a combination of sputtering and chemical 
methods. A tantalum film of the proper shape and size is 
first sputtered onto the substrate and is then anodically 
oxidized to form a tantalum oxide dielectric film. The 
counter electrode, a film of gold, can then be evaporated 
onto the dielectric to form the completed capacitor 
** sandwich ”’. 

Copper leads can be sputtered without difficulty to 
connect the various components, eliminating the need for 
any organic adhesives. In addition, the films produced by 
sputtering, which is definitely one of the most convenient 
methods available for producing films of metals with 
high melting points, are strongly adherent, and their 
thickness can be controlled within narrow limits. 
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Half gas circulator casing cast in steel and 
machined for C. A. Parsons & Co. Ltd. for Nuclear 
Power Station, Calder Hall. Weight as cast 35 tons. 
Sectional thickness max 7" min 14". Reproduced 
by permission of C. A. Parsons & Co. Ltd. 
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Steel castings are performing a number of important 
functions in the production of Nuclear Power, not 
least being the gas circulator casings cast for 

C. A. Parsons & Co. Ltd. reactors. 

They form an integral part of the atomic pile, 
circulating as they do the carbon dioxide coolant 
through the reactor. Their dimensional accuracy and 
tolerances must be of a far higher standard 


than is usual in normal engineering practice. 


The exacting nature of the service conditions also 
"demands the most meticulous inspection, including 


radiographic examination and magnetic crack detection. 


It is because of this need for flawless castings that 
Lloyds, with their unsurpassed facilities for scrupulous 
control at every stage of production and inspection, are 


called upon to cast and machine these vital components. 
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NEWS OF THE MONTH 





PERSONAL 


Mr. E. D. Dawson has been appointed a director of 
the Selson Machine Tool Company Limited, an associate 
company of The George Cohen 600 Group. 

Birfield Limited announce that Mr. Eric Walker has 
been appointed managing director of The Phosphor 
Bronze Company Limited. He will be assisted by Mr. 
Philip A. Broadbent, A.M.I.Mech.E., A.M.B.1.M., 
works manager, Mr. Jack Kitchen, sales manager, and 
Mr. Gordon Swinyard, M.Sc., A.I.M., chief metallurgist. 

Mr. J. N. Toothill, C.B.E., F.C.W.A., Comp. I.E.E., 
Comp. Brit.1.R.E., F.R.S.E., has been appointed a 
director of Ferranti Limited. He will retain his position 
as general manager of the company’s Edinburgh factory. 


Sterling Industries Limited, of Chard, Som., announce 
the appointment of Mr. Arthur Griffiths, O.B.E., 
M.I.P.E., as group managing director. He was formerly 
director and general manager of The Daimler Company 
Limited. 

Following the death of their chairman, Howard 
Clayton-Wright Limited announce the appointment of 
Mr. Graham Clayton-Wright as chairman and managing 
director. His former position of technical director has 
been filled by the new appointment to the board of 
Mr. R. R. Webb, A.M.I.Mech.E., who was previously 
chief of design. 

Mr. J. R. Thomas and Comdr. E. G. Sutton, R.N.. 
(Retd.) have been appointed directors of John Thompson 
(Wolverhampton) Limited. 


Mr. A. W. A. Dick-Cleland, B.Sc., A.R.T.C., 
M.I.E.E., F.B.I.M., former joint managing director of 
The Lancashire Dynamo and Crypto Limited, has been 
appointed a director of Brush Electrical Engineering Co. 
Ltd., and manager of their Rotating Machines Division 
at Loughborough. 

Mr. R. Yeoman, general manager of the Hodgkinson 
Group of Foundries, has been appointed to the board of 
A. B. Scorer Limited, a subsidiary company of James 
Hodgkinson (Salford) Limited. 


Ransomes Sims & Jefferies Limited announce the 
appointment of Mr. C. P. Seager as industrial truck sales 
manager. He will be assisted by Mr. J. E. Ovell. 


Head Wrightson & Company Limited announce that 
Mr. Norman Addison has been appointed director and 
general manager of their subsidiary Head Wrightson Iron 
Foundries Ltd. 


B. O. Morris Limited, of Coventry, announce that 
Mr. J. T. Troman has been appointed a director of the 
Machine Tool Division of B.O. Morris Limited, Ports- 
mouth, Mr. O. G. Eves works director of B.O. Morris 
Limited, Coventry, and Mr. L. Smith a director of 
Bramble Engineering Co. Limited, Coventry. 


British Insulated Callender’s Cables Limited announce 
the retirement of Mr. John Taylor, deputy works manager 
at their Leigh Works, after nearly 51 years of service with 
the company. 

As part of the policy of integration between Mirrlees, 
Bickerton & Day Limited and The National Gas & Oil 
Engine Co. Ltd., Mr. R. L. Watt has been appointed a 
director of The National Gas & Oil Engine Co. Ltd. and, 
whilst remaining director and general manager of Mirr- 
lees, Bickerton & Day Limited, has been seconded to the 
National Gas & Oil Engine Co. Ltd., at Ashton-under- 
Lyne, as general manager. Mr. D. Adamson has been 
appointed director of The National Gas & Oil Engine 
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Co. Ltd. and a local director of Mirrless, Bickerton & 
Day Limited, and has been seconded to The National 
Gas & Oil Engine Co. Ltd. as works director. Mr. Frank 
Wood, formerly general works manager of The National 
Gas & Oil Engine Co. Ltd., has been seconded to Mirrlees, 
Bickerton & Day Limited in the same capacity. 


Nuclear Chemical Plant Ltd. announce the appoint- 
ment of Mr. R. W. Rutherford, joint deputy managing 
director of The Power-Gas Corporation Ltd., as chair- 
man and Mr. C. Gresle Farthing, deputy chairman and 
joint managing director of Humphreys and Glasgow Ltd., 
and Mr. J. H. N. Thompson, deputy chairman and joint 
managing director of John Thompson Ltd., as directors. 
Mr. C. J. Carter, a director of John Thompson-Kenni- 
cott Ltd., Mr. C. Robson, a director of The Power-Gas 
Corporation Ltd., and Mr. N. H. Williams, a director of 
Humphreys and Glasgow Ltd., are appointed alternate 
directors. 





MR. A. S. DODDS 





It is with profound regret that we have to announce 
the death of Mr. A. S. Dodds, director and London 
manager of John Thompson Water Tube Boilers Limited. 
Mr. Dodds joined the John Thompson group seven years 
ago from Messrs. Merz and McLellan, with whom he was 
senior engineer at Newcastle-upon-Tyne. 
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BUSINESS NOTES 


The Solartron Electronic Group Ltd., of Thames 
Ditton, Surrey, have concluded selling and manufacturing 
licensing agreements for the ** Kintel ” range of electronic 
products of the Cohu Electronics, Inc., of San Diego, Cal., 
U.S.A., which cover the whole world, with the exception 
of Sweden and North and South America. 


William E. Umstattd, president of The Timken Roller 
Bearing Company, of Canton, Ohio, U.S.A., announce 
that a modern plant for the manufacture of tapered roller 
bearings will be built at Colmar, France, with an annual 
production capacity of eight million bearings. 


Twilfiex Couplings Limited, of Twickenham, Middx., 
a member of the Sheepbridge Engineering Group, an- 
nounce the conclusion of an agreement with Zahnrader- 
fabrik Renk AG, of Augsburg, Germany, whereby Renk 
will have sole manufacturing rights for the complete 
range of Twilflex automatic clutch couplings and flexible 
couplings for Germany. 


Stanley Howard Limited, of Birmingham, have ob- 
tained the sole agency of a new jig-boring machine de- 
signed and manufactured by Buswell & Sweeney Ltd., of 
Bolton Street, Birmingham. 


A new company, named Vickers-McKay Ltd., has 
been formed jointly by The McKay Machine Company, 
of Youngstown, Ohio, U.S.A., Vickers-Armstrongs 
(Engineers) Ltd., and The Rockwell Machine Tool Co. 
Ltd. The manufacture of a large range of McKay 
machines will be carried out at the works of Vickers- 
Armstrongs, the selling having been entrusted to Rock- 
well Machine Tool Co. Ltd. 


Birfield Limited have acquired a controlling interest 
in A. E. Callaghan & Son Ltd., of Midhurst, Sussex. In 
future, their range of fibre amalgamating machines will be 
manufactured by Birfield Tools Ltd., of Coventry, and 
research and development will be carried out in con- 
junction with Railko Limited, of High Wycombe, and 
other members of the Birfield Group of companies. 


Alfred Herbert Limited, of Coventry, have been 
appointed sole distributors in the British Isles for the 
range of measuring equipment manufactured by Censor, 
of Liechtenstein. This range comprises multi-dimension 
inspection machines for very small parts and high-speed, 
high-precision ball, roller, and needle sorting and grading 
machines for the bearing industry. 

It is announced by the Northern Ireland Development 
Council that Camco Incorporated, of Houston, Texas, 
is establishing a wholly-owned subsidiary, Camco 
Limited, in Belfast. This subsidiary will manufacture 
Camco equipment for export to all oil-producing areas 
throughout the world, except the U.S.A. 


Acheson Industries (Europe) Limited, formerly of 18 
Pall Mall, London, have now moved to new premises at 
1 Finsbury Square, London, E.C.2. (Tel : MONarch 
5811.) 


Hollerith (East Africa) Limited, the latest of the six 
overseas subsidiary companies of The British Tabulating 
Machine Company Ltd., has taken over from Hollerith 
Machines (South Africa) (Proprietary) Limited existing 
business in Kenya, Uganda, Tanganyika, and Zanzibar. 


Davey, Paxman & Co. Ltd., of Colchester, have 
appointed Federal Equipment Western Limited, of 13120 
125th Avenue, Edmonton, Alberta, as their Canadian 
agents for diesel sales and service. 


A newly formed company, Metal Protection Products 
Ltd., of Croydon, Surrey, have been appointed sole 
selling agents in the United Kingdom for the whole range 
of Wynn’s friction proofing products. Mr. H. Stillwell, 
who was originally responsible for the introduction of 
these products to this country, has been appointed 
managing director of the new company. 
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SLUICE VALVES 





Subsidiary companies of the former Siemens Brothers 
and Co Ltd., in Australia, Canada, Central Africa, and 
South Africa have changed their names. Siemens 
(Australia) Pty. Ltd. becomes Siemens Edison Swan 
(Australia) Pty. Ltd., Siemens Brothers (Canada) Ltd. 
becomes Siemens Edison Swan (Canada) Ltd., Siemens 
Brothers Central Africa (Pvt.) Ltd. becomes Siemens 
Edison Swan Central Africa (Pvt.) Ltd., and Siemens 
Brothers British (Pty.) Ltd. becomes Siemens Edison 
Swan (Pty.) Ltd. 


Great Lakes Carbon International Ltd., with sales 
offices at 140 Park Lane, London, W.1, has been ap- 
pointed sales representative for all commercial products 
of the new Anglo Great Lakes Corporation Ltd. graphite 
plant at Newcastle-upon-Tyne. The firm will also market 
graphite products throughout the United Kingdom and 
Western Europe. 


Heenan & Froude Limited, of Worcester, acting as 
subcontractors to David Bridge & Co., Ltd., of Roch- 
dale, a member of Rustyfa Consortium, are engaged in 
the manufacture of eight full-scale tyre test plants for use 
in a Russian factory at Dnepropetrovsk. Control over 
the technical details of all eight plants is being exercised 
by Dunlop Advisory Services, the consultants to the 
Consortium. 


Ray-Heet (Infra-Red) Ltd. has become a member of 
the Vokes Group of companies and will trade under the 
new name of Ray-Heet (Process Plant) Ltd., with offices 
at Rayleigh House, High Street, Great Bookham, Surrey 
(Tel : Bookham 3108). The range of products manufac- 
tured include degreasing, cleaning, and chemical pre- 
treatment plant, spray-booths, paint-dipping plant, 
electrostatic painting plant, flow-coating plant, infra-red 
ovens, convection ovens, cooling tunnels, and paint 
mixing and circulating equipment. 
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CONTRACTS 

Ferranti Limited have secured a repeat order, valued 
at $420,000, from the Tennessee Valley Authority, 
U.S.A., for four 50,000-kVA, 154/69/13-2-kV, single- 
phase, 60-cps transformers. The order was received 
despite severe competition from Continental and Ameri- 
can manufacturers. 


As part of the expansion programme for their Roger- 
stone Works, Northern Aluminium Co. Ltd. have ordered 
from A.E.I. Heavy Plant Division, Rugby, a number of 
large electric drives for rolling mills. The main mill 
unit in this programme is a new 144-in. 4-high reversing 
plate mill, the drive for which will comprise two 4000-hp 
30/60-rpm d.c. motors forming a “ twin-drive”. The 
combined cut-out peak rating of these motors is 24,000 
hp, and the corresponding torque is 1875 tons-ft, exceed- 
ing that of any mill drive yet installed in Britain. The 
two motors are supplied from a flywheel motor-generator 
set driven by an 8000-hp, 11,000-V induction motor. 
Also included in the contract is all the electrical equip- 
ment for the slab shears, screwdowns, table rollers, and 
other auxiliaries, together with all the auxiliary drives, 
including special hot-coiler equipment. 

National Free Piston Power Limited, a subsidiary 
of the Hawker Siddeley Group, has been awarded a con- 
tract by the Iraq Petroleum Co. Ltd. for a 3000-hp free- 
piston gasifier turbo-pumping unit for erection on their 
pipeline in Syria. The machinery will comprise four 
1000-hp GS.34 free-piston gasifyers and one Series 300 
expansion gas turbine manufactured by Brush Electrical 
Engineering Co. Ltd., of Loughborough, which will 
drive a Mather & Platt Plurovane pump. The free-piston 
gasifiers will be able to run on the crude oil being pumped 
through the pipeline. The contract also covers the design 
and supply of all auxiliary equipment. This is the first 
application of free-piston gasifiers to pipeline pumping, 
and it is expected that the plant will be in operation within 
fifteen months. The approximate value of the contract is 
£150,000. 


NEW ROLLING MILL 


A new rolling mill was opened last November by N. 
Hingley & Sons (Netherton) Limited, of Netherton, 
Worcs., which will enable the company to expand its out- 
put of light-section rings up to 72 in. diameter, the rings 
being produced in a range of non-ferrous metals including 
the ** Nimonic ” series and titanium. Rings are also made 
of stainless steels, as well as of other alloy and carbon 
steels. 


BIRFIELD WORKS AND OFFICE EXTENSIONS 


At the end of 1957, the decision to build more manu- 
facturing space was made by Birfield and plans were 
passed to expand factory and administration offices ; 
these plans have now culminated in the new, recently 
completed works of Birfield Tools Limited, in Bodmin 
Road, Coventry. With approximately 60,000 sq ft of 
manufacturing space, and some 10,000 sq ft of general, 
administration, and drawing offices, the company is well 
equipped to enter the competitive machine tool field. 
The plant and equipment installed to undertake these 
projects include the latest and best machines obtainabie, 
as well as the most advanced equipment for inspection 
and measurement. 


NEW FERODO RESEARCH LABORATORIES 


On November 21, 1958, H.R.H. the Duke of Edin- 
burgh, K. G., performed the opening ceremony for the 
new Ferodo Research Laboratories adjoining the Ferodo 
Works at Chapel-en-le-Frith, in the High Peak district 
of Derbyshire. 

The new building, which cost £750,000 to build, 
brings together under one roof chemical and physics 
laboratories, a test house, a garage for a fleet of test 
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vehicles, a drawing office, workshops, an experimental 
production laboratory, a library, a conference room, and 
administrative offices. The research and development on 
friction materials, for which the new centre will be 
responsible, will benefit not only the automotive industry, 
but also railways, aviation, mining, and other industries. 


NEW MULLARD ENGINEERING DEPARTMENT 


The new Engineering Department at the Mitcham 
plant of The Mullard Radio Valve Co. Ltd. is responsible 
for the design, development, manuiacture, and servicing 
of new plant, machines, and tools for production pur- 
poses. As such, its functions include the design and 
manufacture of new plant for the production of valves, 
transistors, and other semiconductor devices, television 
and instrument tubes, X-ray tubes, and magnetic ferrites ; 
the development and modification of existing machinery 
that can economically be adapted to new processes, and 
the major overhaul of plant ; the routine mechanical 
maintenance of plant ; and the training of apprentice 
engineers for work in the department. In addition to 
being responsible for these functions at the Mitcham 
plant, the Engineering Department also caters for the 
requirements of the company’s factories in Waddon, 
Whyteleafe, and Hove. Furthermore, it works in close 
co-operation with similar departments in three other 
main plants of the Mullard organization, i.e., the receiv- 
ing-valve plant in Blackburn, the television- -tube plant in 
Simonstone, and the transistor plant in Southampton. 

Basically, the new department has six main sections, 

, the drawing office, which replaces an earlier drawing 
ae. the toolroom and machine shop, the machine 
building shop, the development shop, the factory maip- 
tenance section, and the training school. 

Fully equipped with modern turning, milling, grinding 
jig-boring, and spark-erosion machines, some of which 
have been modified to suit the particular requirements of 














CHAPMAN & HALL 


Automation and Control Engineering Series 
VOLUME I 
THE THEORY AND DESIGN OF 
MAGNETIC AMPLIFIERS 
by 
E. H. Frost-SMItH 
B.A., Ph.D., A.M.LE.E. 
Illustrated 
xk & -& 


A HIGHLY IMPORTANT BOOK FROM 
JOHN WILEY & SONS, INC. 


HANDBOOK OF 
AUTOMATION 
COMPUTATION 
AND CONTROL 


Vol. 1—Control Fundamentals 
Edited by 
E. M. GRABBE; SIMON RAMO: 
D. E. WOOLDRIDGE 
Illustrated 





506 pages 75s. net. 


1020 pages 136s. net 





37 ESSEX STREET, LONDON, W.C.2 


























545 








SAVES METAL 
— CUTS TOOL COSTS 


Dished and flanged ends 
Rotarpress spun by Harveys 
greatly facilitate the design 
and production of Pressure 
Vessels. They combine semi- 
ellipsoidal form with large 
knuckle radius. A substantial 
reduction in plate thickness 
can be effected, and in most 
cases tool costs are 


eliminated. 





‘Rotarprest’ Ends for Pressure Vessels 


can be supplied in Mild, Alloy and Clad 
Steels and Non-ferrous Metals. The 
capacity of the Rotarpress ranges from 5 to 
15 feet diameter and 3” to 4” thickness. 
Knuckle radii and depth may be varied 
to meet individual requirements. 


Please ask for List No. ED 965 giving full 
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the department, the toolroom and machine shop covers 
the complete manufacture of all types of hand- and 
power-operated press tools, from simple crop and punch 
tools to multi-stage types covering as many as eighteen 
operations, and the manufacture of many kinds of jigs 
and fixtures for valve and cathode-ray-tube assembly. 
The section also handles small-batch production of com- 
ponent parts for gas-discharge tubes, photo-electric cells, 
and X-ray tubes. 

With regard to the other departments, the machine 
building shop and the development shop merit particular 
mention. The machine building shop undertakes the 
complete construction of all types of machines for valve 
and cathode-ray-tube production, including major over- 
hauls and rebuilding of existing plant. Notable examples 
of the work in this section are a 12-head sealing machine 
for valves, a continuous settling machine for television- 
tube production, and an automatic machine for assem- 
bling the crystals of germanium diodes into their enve- 
lopes. The development shop is responsible for the deve- 
lopment and manufacture of valve-making assembly jigs 
and fixtures, and small specialized pieces of equipment. 
It also undertakes experimental work on any production 
problem that may be foreseen. 

From a recent visit to the Mitcham plant, it is quite 
obvious that the Chief Mechanical Engineer, Mr. F. W. 
Jones, M.B.E., who has been with the company for 
34 years, is extremely proud of his new Engineering De- 
partment, as, indeed, he deserves to be. 


PERMANENT EXHIBITION OF ELECTRICAL 
EQUIPMENT 


Coinciding with the 75th anniversary of the formation 
of the company, Laurence, Scott & Electromotors 
Limited have opened a new permanent exhibition of 
electrical equipment in Norwich. The equipment, 
divided in two classes, i.e., variable-speed drives and 
electrical equipment used to drive auxiliaries in ships, is 
shown under working conditions. Among the variable- 
speed machines are examples of the N-S variable-speed 
a.c. motor with different forms of hand and automatic 
speed control, squirrel-cage moiors controlled on vari- 
able-frequency circuits, the Revcon system for slip-ring 
motors in crane hoists, and the Ward-Leonard control of 
d.c. motors. The marine equipment is arranged to repre- 
sent a small ship’s engine-room with a high-performance 


alternator supplying large switching currents with mini- 
mum voltage disturbance, the Trislot high-torque low- 
current squirrel-cage motors coupled to pumps, etc., and 
provision for measuring the performance of the alternator 
and the motors under practical conditions. Other marine 
exhibits include working models of the Selector cargo 
winch and the Pitt-Scoit constant-tension mooring and 
towing winch. A small cinema leads from the Exhibition 
hall for showing films describing the principle of 
operation of many special machines manufactured by the 
Company. 


ELEVENTH HATFIELD MEMORIAL LECTURE 


Dr. N. P. Allen, F.R.S., Superintendent of the National 
Physical Laboratory’s Metallurgy Division, delivered 
the Eleventh Hatfield Memorial Lecture on 9th December 
at the Weir Lecture Hall of The Institution of Naval 
Architects, 10 Upper Belgrave Street, London, S.W.1. 

The lectures, which are given annually in London or 
Sheffield, were founded in memory of the late W. H. 
Hatfield, F.R.S., and are always devoted to subjects in 
which Dr. Hatfield was interested. Previous lecturers 
have included Dr. C. Sykes, F.R.S., Sir Andrew McCance, 
F.R.S., Sir Frank Whittle, F.R.S., Professor E. N. da C. 
Andrade, F.R.S., Dr. T. P. Colclough, and Dr. E. C. 
Bain. The subject of this year’s lecture was “The 
Mechanical Properties of the Ferrite Crystal ”’. 
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Models give pressure 
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Operated by compressed air 
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Negligible maintenance 


Non-corrosive 
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maintaining static pressure 
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NEW TECHNICAL BOOKS 





Directory of Swiss Manufacturers and Producers. 
9th Edition, 1958. 1384 pages. Published by The Swiss 
Office for the Development of Trade, Driekénigstr. 8, 
Zurich, and also available in the U.K. from the Swiss 
Embassy, 18 Montagu Place, London, W.i. Price: 40/-. 

As always, this well-produced and conceived publica- 
tion is a complete and handy directory of inestimable 
value to all those who are interested in Swiss products, 
indexing and listing as it does some 13,000 articles manu- 
factured in Switzerland, arranged in 10,000 categories, 
with the names of about 8300 manufacturers in alpha- 
betical order. 

The different sections, which are conveniently tabbed 
and coloured for easy identification, also include a general 
trade index, listing the most important exporters, banks, 
forwarding and insurance companics, commercial enquiry 
Offices, consulting engineers, etc. ; a register of trade names, 
which includes about 2200 brands and trade names, with 
data on the type of product and the address of manu- 
facturers; and twenty trade maps, giving the geographical 
location of the various industries concerned and their 
importance in Switzerland’s economy. Different editions 
are available in English, French, and German. 


Steam Turbine Theory and Practice. 7th Edition, 1958. 
By William J. Kearton, D.Eng. 886 pp., 547 illustrations. 
Publishers : Sir Isaac Pitman & Sons, Ltd., Parker 
Street, Kingsway, London, W.C.2. Price : 57/6. 

Although written primarily for students, this very 
well-known book, now a standard work of its kind, is of 
great value to practising engineers and draughtsmen, and, 
indeed, to all those who are anxious to obtain a wider 
knowledge of the theory and practice of steam turbines. 

Since the publication of the previous issue in 1951, 
continued developments in steam-turbine engineering 
have been taking place. This new edition has therefore 
been considerably enlarged and revised. Thus, new 
chapters have been added on vortex flow in steam 
turbines, while the section dealing with examples of land 
and marine turbines has been revised and extended, and 
includes descriptions of turbines used for nuclear power 
stations. 


Diesel Plant Operators’ Handbook. By A. K. L. 
McCrone, G.I.Mech.E. 220 pp., 76 illustrations. Pub- 
lished on behalf of Blackstone & Co. Ltd. by Sir Isaac 
Pitman & Sons, Ltd., Parker Street, Kingsway, London, 
W.C.2. Price : 20/-. 

Although there are many books concerned with the 
theory and operation of diesel engines in general, and 
many others dealing with all aspects of the construction, 
operation, and theory of electrical equipment, these two 
subjects are usually treated separately, as though they 
were completely dissociated from one another, and not, 
as they should be considered, entirely interdependent. As 
a result, operators of diesel-electric power plant do not 
have a handy reference book written specifically for 
their needs. This new handbook has therefore been 
written to correct this deficiency, and succeeds well in its 
aim, providing, as it does, operators with all the essential 
_ about the equipment they use in a concise and simple 
orm. 

Both theory and practice are blended as far as 

possible, so as to interest those concerned with the 
Perse and layout of generating and distribution systems, 
as well as those concerned with the straightforward main- 
tenance and operation of engines and generators. Some 
emphasis has been laid on the basic theory of electricity 
and magnetism, and a short development of this theory 
to the theory and construction of electric generators has 
been included. There can be no doubt that this book 
will be of great use to all those who are interested in the 
installation and operation of power-plant equipment. 
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Basic Pulses. By Irving Gottlieb, P.E. 176 pp., 172 
illustrations. Publishers : John F. Rider Publisher, Inc., 
116 West 14th Street, New York 11, N.Y. Price : $3-50. 

The use of pulses is widespread in the field of elec- 
tronics, so much so that pulses are employed in a host of 
electronic applications, including special communication 
systems, industrial operations, radar, television, tele- 
metry, and computers. This new book therefore fills a 
real need of those with only a scant knowledge of elec- 
tronics by explaining easily and quickly by means of a 
** picture-book ”’ technique the fundamental principles of 
pulses. Nevertheless, the book is comprehensive in its 
coverage, explaining thoroughly the nature of pulses, 
their composition, shaping techniques, measurement, 
generation, and application. 

An important feature of the book is the relative 
absence of mathematics, the treatment being primarily 
based on descriptive narration, in which pulse phenomena 
are explained by analogy, by cause-and-effect relation- 
ship, and principally by means of qualitative rather than 
quantitative analysis. 


Steam Turbine Performance and Economics. By 
Robert L. Bartlett. 332 pp., 200 illustrations. Publishers : 
McGraw-Hill Book Company, Inc., McGraw-Hill House, 
95 Farringdon Street, London, E.C.4. Price: 97/-. 

Covering all important recent developments in the 
field, including advanced steam conditions, the largest 
sizes, and data on turbine performance, this well-written 
and conceived book is a useful guide and reference for 
calculating the performance of steam power plant and its 
applications in preparing economic studies, and also a 
help to power-plant designers in the selection of large 
turbines to meet specific needs. 

Detailed information is given on the preparation of 
turbine heat balances, including the data required for 
these calculations. In addition, the results of extensive 
comparative performance calculations indicating differ- 
ences for steam conditions, cycle changes, turbine types, 
etc., are provided, showing how comparative performance 
data may be estimated to suit a variety of conditions, 
together with the application of this work to the prepar- 
ation of economic studies. Also included is extensive 
information on single reheat cycles, double reheat cycles, 
and combined cycles, and on supercritical pressures and 
temperatures above those in normal use, as well as dis- 
cussions of equipment, operating, and investment costs, 
and of the cost of steam power plant. Furthermore, for 
the benefit of engineers and designers who are more inter- 
ested in answers than in methods, performance com- 
parisons are given in the form of graphs, together with 
methods and background material for using these per- 
formance data to make economic evaluations for design 
and applications studies. 


F.B.I. Register of British Manufacturers, 1959. 31st 
Edition. 1140 pages. Published for the Federation of 
British Industries by Kelly’s Directories Limited, 186 
Strand, London, W.C.2, and Iliffe & Sons Limited, Dorset 
House, Stamford Street, London, S.E.1. Price : 42/-. 

As always, the F.B.I. Register, the only authorized 
directory of the Federation of British Industries, is a 
comprehensive and accurate guide to a substantial cross- 
section of British industry, containing lists of the pro- 
ducts and services of more than 7500 member firms under 
more than 5400 alphabetical headings. In addition to the 
classified buyers’ guide, there are seven other sections in 
the Register, giving addresses of companies and firms 
and valuable information about trade associations, pro- 
prietary names, trade-marks, etc. 

A feature providing a useful reference for buyers not 
fully conversant with British product terms is the inclu- 
sion of French, German, and Spanish glossaries. These 
give translations of every product term used in the main 
buyers’ guide, each being numbered for easy reference 
between_the English headings and their translations. 
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LATEST INDUSTRIAL LITERATURE 





1. Microfocus X-ray Generators. Available with two 
types of X-ray tube and two types of electron gun, offer- 
ing a wide choice of focus conditions, the microfocus 
X-ray generator described in an illustrated 18-page 
brochure provides a brilliant fine-line or spot focus for 
X-ray diffraction work and microradiography, including 
determination of crystal structure of metals, ceramics, 
fibres, etc., studies of crystal deformation by impurities, 
etc. or of crystal texture and single grains in metals and 
alloys, determination of crystal orientation, and investi- 
gations of low-angle scattering. 

Used with suitable cameras, the equipment makes for 
much shorter exposures than are usually required. The 
cubicle, which houses all the pumping equipment, power 
supplies, and controls, has a large flat table-top, the only 
protrusion above being the slender X-ray tube. 


2. Protection of Metal Surfaces after Shot-Blasting. 
Details are contained in an 8-page booklet of an efficient 
method of preserving clean metal surfaces after shot- 
blasting. Basically, the method comprises the use of a 
special, clear solution which can be applied by spraying, 
dipping, flowing, or brushing and which deposits a 
microscopic film over the surface. The solution pene- 
trates the surface structure, creating an effective seal of 
the shot-blasted surfaces. Material coated with the solu- 
tion can be handled within two minutes. The solution is 
also solvent-resistant and has rust-inhibiting qualities. 
In addition, the dried film is odourless, lead-free, and 
cannot contaminate any materials to which it is exposed. 


3. Fluid Seals. Details are contained in a well-produced 
and illustrated 50-page catalogue of a comprehensive 
range of fluid seals intended to cover virtually all applica- 
tions where efficient sealing is a necessity. The range des- 
cribed includes metal-cased and metal inert seals with 
garter springs, O-rings, precision-ground rectangular- 
section rings, lip rings for medium-pressure reciprocating 
applications, and hydraulic packings and wiper seals. In 
addition, details are given of a range of silicone-rubber 
rings, primarily intended for use in O-rings and gaskets. 
Useful information on the selection of suitable seals for 
different applications and their installation is also in- 
cluded. 


4. Photo-Switches. Details are given in an 8-page bro- 
chure of a range of photo-electric switch equipment 
actuated by a change in the intensity of light falling on a 
photo-cell. This change can be effected either by inter- 
ruption of a direct light beam or by an interruption or 
change in the intensity of a reflected light beam. Three 
basic relay units are described, i.e., a general-purpose 
switch responding to light level, a quick-acting thyratron- 
operated switch responding to a light pulse which may be 
as short as | millisecond, and a combined unit, responsive 
to light level and incorporating a delay switch. 

Features of these switches include an extremely small 
size of viewing-head and light-source units, enabling them 
to be applied in complex machinery where space may be 
limited, and a special form of chassis mounting, facili- 
tating installation and servicing. 


5. ‘Adjustable Pipe Clamps. Details are given in a 2-page 
pamphlet of a range of three adjustable pipe clamps 
suitable for pipe sizes from 6 to 24 in., each clamp catering 
for all pipe sizes over a 6-in. range. Larger sizes can be 
constructed, if required. 

The clamp, which quickly and accurately aligns the 
pipes externally for butt-welding, is wrapped around the 
two butted pipe ends, double claws are engaged on the 
nearest distance-piece, and a handwheel turned until the 
clamp grips the pipe ends in perfect alignment. Ample 
accessibility is provided for tacking all around the pipes, 
and space can be left between the pipe ends for the weld 
filler, as desired. 
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6. Hacksawing Machines. A 2-page pamphlet issued 
by a well-known German manufacturer describes two 
** Junior ”-model hacksawing machines for cuts up to 
5 in. or 6 in. diameter or square respectively. These 
machines have a number of special features, including 
prismatic, adjustable guides, infinitely variable hydraulic 
regulation of cutting pressure, with hydraulic raising of 
the saw blade during the non-cutting stroke, high cutting 
capacity, and two cutting speeds or infinitely variable 
cutting speed, as required. In addition, these machines 
are fitted with a swivel-type, quick-clamping machine 
vice, operated by a spindle and hand crank, which is also 
suitable for mitre cuts up to 45 deg., and equipment for 
circulating coolant. 

A supplementary pamphlet covers heavy-duty hack- 
sawing machines for cuts up to 8 in. diameter or square. 


7. Level Mounts with Anti-Vibration Pads. By elimina- 
ting the need for drilling of floors or for packing and 
shimming, the range of level mounts described in a 2-page 
pamphlet facilitates installation of machines, and, by 
incorporating a special oil-resistant rubber anti-vibration 
pad, securely bonded to the base of the mount, ensures 
absorption of noise, vibration, and shock. The pad has a 
ribbed structure, permitting the rubber to expand into 
the space between the ribs ; as a result, vibration trans- 
mitted from the machine is deflected into the air space 
between the ribs and is deadened. A set-screw, held up- 
right by the machine foot, bears down on the steel face 
of the rubber-bonded base-plate, and the rubber grips 
the floor powerfully. A nut on the set-screw simplifies 
accurate levelling. 


8. Free-Cutting Malleable Iron. Details are given in a 
4-page brochure of a free-cutting malleable iron specially 
developed to meet the requirements of manufacturers who 
have to machine repetition quantities of lightweight 
castings. This malleable cast iron has a machinability 
which is 10°, greater than that of any other material, 
with a corresponding reduction in machining times, and 
with less tool wear and higher productivity. 

In addition, the brochure contains details of special 
pearlitic malleable grades for greater strength and wear 
resistance and of weldable malleable grades which can be 
electric-arc-welded to steel, etc. 


9. Keyway Broaching Equipment. Details are given 
in a 4-page leaflet of a range of keyway broaching equip- 
ment for cutting perfect keyways, standard or non- 
standard, parellel or taper, in any type of press. Keyway 
dimensions are from { to ? in. in bore sizes from } to 
3} in. and are covered by four boxed sets, the broaches 
being interchangeable in any guide in the respective set. 
All guides are made with a flanged head and are 
normally inserted from the top of the bore. In the case 
of taper guides, the face of the flange is ground square 
to the broach slot and is used to support the component 
at the correct angle. Shims of various thickness are 
supplied, so that different depths can be obtained. 
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We are equipped for machining on Single and 
Multi Spindle Autos from }” to 3” diameters in 


Free Cutting Mild Steel, Brass, Alloy Steels, etc. 
Turning, Milling and Grinding capacity available. 
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Phone: James Bridge 3188 (8 lines) P.B.X. Wires: Richards, Darlaston 








Engineering 

Wires in Round, YUM DOP 
Square and Hexagonal 
sections. Bright drawn 
or centreless ground in 


° 4 
f { Mild Steel, Commercial 
or Freecutting quality, 
and to a wide range of 
E.N. and other specifications. A.I.D. approved. 
THE 
 (Liellon) kLimiled 


SPENCER WIRE 


COMPANY LIMITED WAKEFIELD 
Telephone Wakefield 6111 (10 lines, 
Telegrams Spencers, Wakefield, Telex. Telex No. 55160 
DaW 1258ED 








3ULLOCK STREET WORKS, BOLTON 
elephone : 1143 Established 1860 
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BOXES of assorted 
SPRINGS 


@ 3 DOZ. SPRINGS 
PER BOX 


@ ALWAYS 
READY FOR 


























rn, 


TENSION 
SPRINGS 
Box No. ATL 1/18 
17G to 25G. |” to 
6” long. Price 6/4d. 


per box. 
Box No. ATH 19/36. 
16G to 11IG_ 14” to 6” 


long Price 25s. per box. 
COMPRESSION SPRINGS 
Box No. ACL 101/118. 17G to 25G. 
4” to 3” long. Price 10/4d. per box. 
Box No. ACH 119/136. 16G. to IIG. |” 
2 6” long. Price 14/0d. per box. 

ALSO SPRINGS TO SPECIFICATION. 


AIREDALE SPRING MANUFACTURERS LTD. 
OXENHOPE, Nr. KEIGHLEY, 8. Yorks. Tel: Haworth 3287 


Send for our 
list of Standard 
Springs. 








The Nitriding Process 

for Case—hardening 

Special Steels by 
Nitrogen offers 


@ Surface hardness up to 1100 D.P.H. 


@ Retention of full hardness after 
heating to 500° C. 


@ Maximum resistance to frictional 
wear and fatigue. 


@ 'mproved resistance to corrosion 
by water and steam. 


Particulars from:— 
NITRALLOY LIMITED 


ATLAS WORKS SHEFFIELD 4. 
Telephone: 266 16 Sheffield. Telegrams: Nitralloy, Sheffield. 








VULCASCOT LEVEL-MOUNTS 


incorporating 
Vulcascot Anti-Vibration Rubber Pads 

















@ Reduce vibration 
and wear. 


@ Simplify Machine 
Installations. 


@ Precision Levelling 
without shims. 


@ Nodrilling of floors. 


@ Less noise, less ner- 
vous strain. 












Write or phone for literature 
to the manufacturers: 


VULCASCOT (GT. BRITAIN) LIMITED 


87-89 ABBEY ROAD, LONDON, N.W.8 
Telephone MAIDA VALE 7374/5 
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CAPSTAN 


AUTOMATIC 


AND SPECIAL 
TURNED WORK 


ALSO 
FORGINGS 


SRR 


AND 
PRESSINGS 


ARMSTRONG STEVENS 


LTD. 
WHITTALL STREET. BIRMINGHAM : 4 
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GEAR PUMPS 





You make the wisest choice when you decide 
on a GEAR PUMP by Rotherhams — the name 
is your guarantee of the built-in qualities you 
must have for the efficient year-in, year-out 
dependability that spells trouble-free performance. 
Full information on Rotherham products, including the 
following, are yours for the asking. 
Time Lags, Instruments, Recording Clocks, Process 
Timers, Pressure Gauge Movements, Small parts for 
Engineering, such as Taps, Oil and Grease Cups, Oil 
Indicators, Unions, Nipples and Olives. 


Rotherham & Sons Ltd., Coventry 


Telephone: 64154 
PRECISION MANUFACTURERS SINCE 1750 





















DAVID 
HARCOURT 
EVEREST UNIT PRESSURE GAUGE 


This patented unit is recommended for the more im- 
portant installations. It is available with four mount- 
ings as illustrated below with 4” and 6’ diameter dials. 

Narrow flange, with rear clamp fixing, this model 

has a black, shock-resisting plastic case and is made 

with 4” and 6” dials, (large illustration) and (2). 

Flush fitting, with back connection (1). 

Surface connection, with bottom connection (3). 

Direct mounting, with bottom connection (4). 


CHSC 


= . - 
David Harcourt Limited 
LINKULA WORKS, COVENTRY ROAD, BIRMINGHAM, 10 
A Member of SMITHS Industrial Instrument Division 


































Premier” 


De PRODUCTS FOR 


: 
Quality kGervice 3 
= 
= 
= 


Springs and Clips made from the finest 
materials available. Specials made, ‘‘one off"’ 
or in quantity, from your pattern or drawing. 
Special Replacement delivery service—any 
amount, anywhere. 


PLEASE WRITE FOR 
DETAILS 
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THE PREMIER SPRING CO., LTD 
REDDITCH, WORCESTERSHIRE 
Telephone: Redditch 1088 





oe K O L O K 
in piss® POSITIVE LOCK WASHERS 


Available in all sizes 


POSITIVE LOCK WASHER CO LTD 


45 Renfrew Street Glasgow C.2 
Telephone DOUglas 9292 
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... but not if you fix a 
Kolok Positive Lock 
Washer between 
them. Here’s the 
inexpensive solution 
to vibration and 
slackness worries— 
and there is a size 
for every requiremen 





For DIE 
SPRINGS 


of 
QUALITY 
‘Phone or Write (Dept. S.M.O.) 


THE 


DART SPRING Go. Ltd. 
_ WEST BROMWICH 


Telegrams: Telephones: 
DART, WEST BROMWICH  WESt Bromwich 1791 
P.B.X. (7 lines) 





These springs are made from High Grade 
Swedish Steel carefully heat treated in 
order to ensure that springs of the highest 
quality are supplied for high duty purposes. 





All springs have been shot peened for 
maximum fatigue and tested by scragging 
solid to perform the duties set out in this 
advertisement. 





To prevent rusting the springs are finished by 
an approved Phosphate Process. 





28 Sizes always in stock. 





Price list on application. 
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Taking the measure of 


— 


The Vickers Pyramid Hardness Testing Machine, compact in size 


HARDNESS— 


and comprehensive in service, provides a simple and accurate 
method of metallurgical control at the place of production. 
Simple to operate, it can handle an unequalled range of work 


with exceptional accuracy. 





The Vickers Portable Gear Hard- 
ness Tester combines the essen- 
tial features of Pyramid 
Hardness testing with porta- 
bility, enabling testing on the 
pitch line of gears, particu- 
larly in such places as ships, 
power stations, etc., where 
large gears cannot easily be 
moved. 





The Vickers Portable Hardness 
Tester, specially developed 
from the standard machine, 
combining all its essential 
features with an extensive 
portability. It allows testing 
on all kinds of work—in the 
laboratory, on the shop floor, 
in positions where large com- 
ponents cannot be moved. 


All these machines are 
equipped with the standard 
Vickers Micrometer Ocular 
which, used in conjunction 
with the Vickers Pyramid 
Diamond Indenter, gives 
readings in the internation- 
ally recognised VPN. 


Vickers Hardness 
Testers 


Please send for a catalogue giving full details. 


VICKERS-ARMSTRONGS (ENGINEERS) LIMITED 


13 City Road - 


London, E.C.1. 


Tel: METropolitan 8877 : Telegrams: Vicksbox, Ave, London 





TGA CHES 
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SELF CLEAN AIR FILTER 


VICTOR AIR | 
HOSE COUPLER i 


Instant and perfect § Incorporates a 
sealing. filter. 










No spanners Simple turn cleans 
required. § line. 


Safe bridle. | No production 
stoppage. 


Pressures up to 150 lbs p-s.i. 


Interchangeable 


Pressures up to 
150 lbs. p.s.1. 










/ é 


VICTOR ARIDIFIERS 
AND WATER TRAPS 









Centrifugal action 
separates water £ 
from air. 


Automatic discharge 
through Water Trap 
to drain. 


Water Trap 
drains low points. 


Booklet CA 100 fully 
describing all our 
compressed air 
equipment available 
on request. 


= 


Pressures up to 150 lbs. p.s.i. 


USERS OF COMPRESSED AIR 


VICTOR PROCUCTS (WALLSEND) LTD. Wallsend-on-Tyne, England. Tel: Wallsend 68331 (6 lines) 
‘Grams’ “ VICTOR” Wallsend. LONDON OFFICE: 1327 London Road, Norbury, S.W.16 Telephone: Pollards 0077 (3 lines) 








































THORP EQUIPMENT FOR THE INDUSTR 
GAS FLOW ~ ) om 
ase, | ou him. 
INDICATORS — 
+ 30 
Direct Reading, variable aperture 60 
type, from 0 to 150 Ib./sq. inch. =a 
For all types of gases; can be calibrated 
to customers’ requirements. Brass 230 
body, stoved black crinkle finish. 420 
Cast Iron Body for Corrosive Gases. $50 
Scale Plate in black crinkle, chrome . 
or polished brass. 900 
All Unions, etc., chrome plated. 1600 
Stainless Steel Float, in clear glass tube. 25C0 


Customers when ordering should state— 
(a) Specific Gravity and 
Working Pressure. 
(6) Maximum and Minimum 
Rates of Flow. 


/HOMAS THORP &-COL /D 


MMTTT FILL D Maoncheste; 
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Wicksteed, Charles, & Co. (1920) Ltd. A42 


Agency—Nicholls, Dorrity Advertising Ltd. 
Wolverhampton Die Casting Co. Ltd., The — 
Agency—Sterling Adveriising Ltd. 
Woods of Colchester Ltd. AS 
Agency—T. B. Browne Ltd. 


Wright, — & Gell Led. _ 
Agency—L. J. Fowler & Co. Ltd. 
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: A range of Hydraulic TORQUE CONVERTERS 


3-1 TORQUE MULTIPLICATION 


| EROM Based on the Schneider 


| | Ay 8() -600 ica ae 
e Ces 0g: | OUnp HP ; 


“OO ©OGOO® 


SUITABLE FOR RAIL TRACTION, AUTOMOTIVE, EARTH MOVING AND INDUSTRIAL APPLI- 
CATIONS, ETC. 


THE TORQUE CONVERTER IS IDEALLY SUITABLE FOR OPERATION IN CONJUNCTION WITH 
THE WILSON GEARBOX. 


MANUFACTURED BY THE TRANSMISSION SPECIALISTS. 


SELF-CHANGING GEARS LTD 


PATENTEES AND MAKERS OFj|WILSON GEARBOXES 


LYTHALLS LANE ‘ COVENTRY : ENGLAND 
WRITE FOR LITERATURE ON OUR TORQUE CONVERTER 














MOTOR WITH REDUCTION 
GEARS for powers up to 30 h.p. 
Ratios up to 200: |. Suitable for 
horizontal or vertical flange 
mounting. 


MOTOR VARIATORS for powers 
up to I5 h.p. with a speed range of 


3:1 to6:1. Possibility of rotation 
in both directions. Automatic brake 
optional. 


COMBINED UNITS between :— 
Motor-variator-reduction gear. Motor- 
variator-reduction gear and brake. 


Motor-fluid drive-brake and reduction “*Redco’’ Motor with 


gear (for the control of cranes). Motor- Reduction Gear MC80, 
reduction gear and_ electromagnetic 8 and 12 h.p., pole- 
Please ask for bulletin friction clutch. Motor-brake-friction changing motor, 16 or 
58-8. clutch and reduction gear. 32 rpm output, with 


automatic brake. 


MOTORS WITH REDUCTION 
GEARS AND VARIOUS 
COMBINED UNITS 





DITTA ENRICO VIGNELLI, MILANO (ITALY) 
Via Montebello 27, tel. 650114 


A94 THE ENGINEERS’ DIGEST 
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in Finishing 
POLISHING MOPS 


Coopers Calico Mops can be supplied in any diameter and thickness, 
loose or stitched, and suitable for tapered or parallel spindles. 
There is a good economy range of section mops, too. Each quality 


POLISHING BOBS can be supplied in grades to suit the class of work. 


Coopers are the original makers of the Felt Polishing Bob as used 


today, and today Coopers offer a wide range of bobs which include ay 1 5 

the ideal wheel for every class of work, in six grades from soft to | ( 

rock hard, and in four qualities. Send today for details of the \b = 
ore LSU 


entire bob and mop range. 


Felt endless belts, another Cooper contribution to fine 
polishing. Send for details. 


COOPER & CO. (B’HAM) LTD., BRYNMAWR, BREGONSHIRE 


Telephone: BRYNMAWR _ 312 




















We all know this man. He’s the chap —= = 
who has just tried GGL for the first time i a YA 
and can’t stop talking about the ‘ae ~ 
wonderful quality and service. He’s a 
nice man, really, but he does go on... 
and it isn’t as if we old stagers didn’t 
rely on GGL service, too. 


CAPSTAN AND AUTOMATIC 
WORK AND SHEET METAL / 
PRESSING IN ANY METAL, 
ANY FINISH, ANY QUANTITY 







FOR QUICK SERVICE AT THE RIGHT PRICE GET IN TOUCH WITH : 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 


EMPIRE WORKS, PARK ROAD, BIRMINGHAM, 18 
TEL.: NORTHERN 6221 





the widest 


range in 





hydraulic 
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the greatest 
number of 
successful 


applications 
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THE RECOGNISED AUTHORITY 


D 
TELEPHONE: MERIDEN 441 
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